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In accordance with the object I have proposed to myself^ 
and which, as far as my own powers and the present state 
of science permit, I have regarded as not unattainable, I 
have, in the preceding volumes of Cosmos, considered Nature 
in a two-fold point of view. In the first place, I have en- 
deavored to present her in the pure objectiveness of external 
phenomena ; and, secondly, as the reflection of the image im- 
pressed by the senses upon the inner man, that is, upon his 
ideas and feelings. 

The external world of phenomena has been delineated un- 
der the scientifio form of a general picture of nature in her 
two great spheres, the uranological and the telluric or ter- 
restrial. This delineation begins with the stars, which glim- 
mer amid nebulie in the remotest realms of space, and, pass- 
ing from our planetary system to the vegetable covering of . 
the earth, descends to the minutest organisms which float in 
the atmosphere, and are invisible to the naked eye. In order 
to give due prominence to the consideration of the existence 
of one common bond encircling the whole organic world, of 
the control of eternal laws, and of the causal connection, as 
far as yet known to us, of whole groups of phenomena, it was 
necessary to avoid the accumulation of isolated facts. Tliis 
precaution seemed especially requisite where, in addition to 
the dynamic action of moving forces, the powerful influence . 
of a s]x$cific difTerenoe of matter manifests itself in the ter- 
restrial portion of the universe. The problems presented to 
us in the sidereal, or uranological sphere of the Cosmos, are, 
considering their nature, in as far as they admit of being ob- 
served, of extraordinary simplicity, and capable, by means of 
the attractive force of matter and the quantity of its mass, 
of being submitted to exact calculation in accordance with 
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the theory of motion. Il', as I believe, we are justified in re* 
garding the revolving meteor-asteroids (aerolites) as portions 
of our planetary system, their fall upon the earth constitutes 
the sole means by which we are brought in contact with 
cosmical substances of a recognizable heterogeneity.* I here 
refer to the cause which has hitherto rendered terrestrial 
phenomena less amenable to th rules of mathematical de- 
duction than those mutually disturbing and readjusting move- 
ments of the cosmical bodies, in which the fundamental force 
of homogeneous matter is alone manifested. 

I have endeavored, in my delineation of the earth, to ar- 
range natural phenomena in such a manner as to indicate 
their causal connection. In describing our terrestrial sphere, 
I have considered its form, mean density, electro-magnetic 
currents, the processes of polar light, and the gradations ac- 
cording to which heat increases with the increase of depth. 
The reaction of the planet's interior on its outer crust im- 
plies the existence of volcanic activity ; of more or less con- 
tracted circles of waves of commotion (earthquake waves), 
and their o/Tects, which are not always purely dynamic ; and 
of the eruptions of gas, of mud, and of thermal springs. The 
upheaval of fire-erupting mountains must be regarded as the 
highest demonstration of the inner terrestrial forces. Wo 
have therefore depicted volcanoes, both central and chain 
formations, as generative no less than as destructive agents, 
and as constantly forming before our eyes, for the most part, 
periodic rocks (rocks of eruption) ; we have likewise shown, 
in contrast with this formation, how sedimentary rocks are 
iu the course of precipitation from fluids, which hold their 
minutest particles in solution or suspension. Such a com- 
parison of matter still in the act of development and solidi- 
fication with that already consolidated in the form of strata 
of the earth's crust, leads us to the distinction of geognostio 
epochs, and to a more certain determination of the chronolog- 
ical succession of those formations in which lie entombed ex- 
tinct genera of animals and plants — the fauna and flora of u 
former world, whose ages are revealed by the order in which 
they occur. The origin, transformation, and upheaval of ter- 
restrial strata, exert, at certain epochs, an alternating actior 
on all the special characteristics of the physical configura 
tion of the earth's surface ; influencing the distribution of 
fluids and solids, and the extension and articulation of con 

* Cosmost vol. i. (Harper's edit.), p ^.3-65, 136. 
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tinental masses in a horizontal and vertical direction. On 
these relations depend the thermal conditions of oceanic our* 
rents, the meteorological processes in the aerial investment 
of our planet, and the typical and geographical diBtribution 
of organic forms. Such a reference to the arrangement of 
teUurio phenomena presented in the picture of nature, "will, 
I think, suffice to show that the juxtaposition of great, and 
apparently complicated, results of observation, facilitates our 
insight into their causal connection. Our impressions of na* 
turo wil], however, bo essentially weakened, if the picture 
fail in warmth of color by the too great accumulation of 
minor details. 

In a carefully-sketched representation of the phenomena 
of the material world, completeness in the enumeration of 
individual features has not been deemed essential, neither 
does it seem desirable in the delineation of the reflex of ex- 
ternal nature on the inner man. Here it was necessary to 
observe even stricter limits. The boundless domain of the 
world of thought, enriched for thousands of years by the vig- 
orous force of intellectual activity, exhibits, among different 
races of men, and in difierent stages of civilization, sometimes 
a joyous, sometimes a melancholy tone of mind ;* sometimes 
a delicate appreciation of the beautiful, sometimes an apa- 
thetic insensibility. The mind of man is first led to adore 
the forces of nature and certain objects of the material world ; 
at a later period it yields to religious impulses of a higher 
and purely spiritual charaoter.f The inner reflex of the 
outer world exerts the most varied influence on the myste- 
rious process of the formation of language, t in which the 
original corporeal tendencies, as well as the impressions of 
surrounding nature, act as powerful concurring elements. 
Man elaborates within himself the materials presented to 
him by the senses, and the products of this spiritual labo * 
belong as essentially to the domain of the Cosmos as do the 
phenomena of the external world. 

As a reflected image of Nature, influenced by the crea- 
tions of excited imagination, can not retain its truthful purity, 
there has arisen, besides the actual and external world, an 
ideal and internal world, full of fantastic and partly sym- 
bolical myths, heightened by the introduction of fabulous ani« 
onal forms, whose several parts are derived from the organ 

* CosmoSf vol. ]., p. 23-25 ; vol. ii., p. 25 and 97. 

t Ibid., vol. ii., p. 38'43, and 56-60. 

t Ddd . vol. i., pi SS-'-SSD; vol ii., p. 112-117. 
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isms of tho prosent world, and Bomotimes even from the relics 
of extinct species.^ Marvelous flowers and trees spring from 
this mythic soil, as tho giant ash of the Edda-Songs, the 
world-tree .Yggdrosil, whose branches tower above the heav- 
ens, while one of its triple roiots penetrates to the " foaming 
caldron springs'' of the lower world.f Thus the cloud-re- 
gion of physical myths is filled with pleasing or with fearful 
forms, according to the diversity of character in nations and 
climates ; and these forms are preserved for centuries in the 
intellectual domain of successive generations. 

If the present work does not fully bear out its title, tho 
adoption of which I have myself designated as bold and in- 
considerate, the charge of incompleteness applies especially 
to that portion of the Cosmos which treats of spiritual life ; 
that is, the image reflected by external nature on the inner 
world of thought and feeling. In this portion of my work I 
have contented myself with dwelling more especially upon . 
those objects which lie in tho direction of long-cherished 
studies ; on the manifestation of a more or less lively appre- 
ciation of nature in classical antiquity and in modem times ; 
on the fragments of poetical descriptions of nature, the col- 
oring of which has been so essentially influenced by individ- 
uality of national character, and the religious monotheistic 
view of creation ; on the fascinating charm of landscape 
painting ; and on the history of the contemplation of the 
physical miiverse, that is, tho history of the recognition of 
the universe as a whole, and of the unity of phenomena — a 
recognition gradually developed during the course of two 
thousand years. 

In a work of so comprehensive a character, the object of 
which is to give a scientific, and, at the same time, an ani- 
mated description of nature, a first imperfect attempt must 
rather lay claim to the merit of inciting than to that of sat- 
isfying inquiry. A Book of Nature, worthy of its exalted 
title, can nei er be accomplished until the physical sciences, 
notwithstanding their inherent imperfectibility, shall, by theii 

* M. von 0]fer*B Ueberrette vonoeltlicher Rietenihiere in Beziehung <mj 
OitanatUehe Saren in th& Abh. der Berl. Akad., 1832, s. 51. On the 
opiuiou advanced by Empedocles regarding the cause of the extioctioa 
of the earliest animal forms, see Hegel's Oeichichte der Philosophie, 
bd. ii., s. 344. 

t See, for the world-tree Yggdrasil, and the mshing (foaming) cal 
dron-spring Ilvergelmir, the Deutsche Mythologie of Jacob Grimm, 1844, 
B. 530, 75(i; also Mallut's Northern AntiquUies (Bohn*s edition), 1847 
p. 410, 48!), and 492, and frontispiece to ditto. 
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gradual development and extension, have attained a higher 
degree of advancement, and until we shall have gained a 
more extended knowledge of the two grand divisions of the 
Cosmos — the external world, as made perceptible to us by 
the senses ; and the inner, reflected intellectual world. 

I think I have here sufficiently indicated the reasons which 
determined me not to give greater extension to the general 
picture of nature. It remains for this third and fourth volume 
of my Cosmos to supply much that is wanting in the previ- 
ous portions of the work, and to present those results of ob- 
servation on which the present condition of scientiflo opinion 
is especially grounded. I shall here follow a similar mode 
of arrangement to that previously adopted, for the reasons 
which I have advanced, m the delineation of nature. But, 
before entering upon the individual facts on which special 
departments of science are based, I would fain oITer a few 
more general explanatory observations. The unexpected in- 
dulgence with which my undertaking has been received by 
a large portion of the public, both at home and abroad, ren- 
ders it doubly imperative that I should once more dcRne, as 
distinctly as possible, the fundamental ideas on which the 
whole work is based, and say something in regard to those 
demands which I have not even attempted to satisfy, be- 
cause, according to my view of empirical— t. e., experiment- 
al — science, they did not admit of being satisfied. These 
explanatory observations involuntarily associate themselves 
with historical recollections of the earlier attempts made to 
discover the one universal idea to which all phenomena, in 
their causal connection, might be reduced, as to a sole prin- 
ciple. 

The fundamental principle* of my work on the Cosmos, 
as enunciated by me more than twenty years ago, in the 
French and German lectures I gave at Paris and Berlin, 
comprehended the endeavor to combine all cosmical phenom- 
ena in one sole picture of nature ; to show in what manner 
the common conditions, that is to say, the great laws, by 
which individual groups of these phenomena are governed, 
have been recognized ; and what course has been pursued 
in ascending from these laws to the discovery of their causal 
connection. Such an attempt to comprehend the plan of 
the universe — ^tho order of nature — must begin with a gen- 
eralization of particidar facts, and a knowledge of the oou- 

• Cotmo», vol. I., p. 48-50, and C8-77. 
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ditions under which physical changes regularly and period- 
ically manifest themselves ; and must conduct to the thought- 
ful consideration of the results yielded hy empirical observa* 
tion, but not to " a contemplation of the universe based on 
speculative deductions and development of thought alone, or 
to a theory of absolute unity independent of experience." 
We are, I here repeat, far distant from the period when it 
was thought possible to concentrate all sensuous perceptions 
into the unity of one sole idea of nature. The true path was 
indicated upward of a centuiy before Lord Bacon's time, by 
Leonardo da Vinci, in these few words : " Cominciare dair 
csperienza o per mezzo di questa scoprirne la ragione."* 
'* Commence by experience, and by means of this discover 
the reason." In many groups of phenomena we must still 
content ourselves with the recognition of empirical laws ; but 
the highest and more rarely attained aim of all natural in- 
quiry must ever be the discovery of their causal connection.^ 
The most satisfactory and distinct evidence will always ap- 
pear where the laws of phenomena admit of being referred 
to mathematical principles of explanation. Physical cosmog- 
raphy constitutes merely in some of its parts a cosmology. 
The two expressions can not yet be regarded as identical. 
The great and solemn spirit that pervades the intellectual 

♦ Op, cU., vol. ii. p. 283. 

t In the Introductory Observations, in Cosmot, vol. i., p. 50, it should 
not have been generally stated that ** the ultimate object of the experi* 
mental sciences is to discover laws, and to trace their progressive gen* 
eralization." The clause ** in many kinds of phenomena" should have 
been added. The caution with which I have expressed myself in the 
second volumo of tliis work (p. 313), on tho relation borne by Newton 
to Kepler, can not, I think, luuvu u iluubt that I clearly distinguish be- 
tween the disco veiy and interpretation of natural laws, t. e., the explana- 
tion of phenomena. I there said of Kepler : *' The rich abundance of 
accurate observations furnished by Tycho Drahe, the zealous opponent 
of the Gopernican system, laid the foundation for the discovery of those 
eternal laws of the planetary movements which prepared imperishable 
renown for the name of Kepler, and which, interpreted by Newton, 
and proved to be theoretically and neeettarily true, have been transferred 




of the earth as it was then recognized from theoretical conclusions. New- 
ton was enabled to give an explanation of the system of the universe, 
because he succeeded in discovering the force from whose action the 
laws of Kepler necessarily residt.*' Compare on this subject (" On Laws 
Bud Causes*') the admirable remarks in Sir John Ilerschel's address at 
the fifteenth meeting of the British Association at Cambridge, 1845, p. 
Klii.; aiul Edinb. Rev.,\oy. 87, 1848, p. 180-183. 
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labor, of which the limits are here defined, arises from the 
suhlime consciouBness of striying toward the infinite, and of 
grasping all that is revealed to us amid the houndless and 
iiiesdiaustihle fullness of creation, development, and heing. 

This active striving, which has existed in all ages, must 
frequently, and under various forms, have deluded men into 
the idea that they had reached the goal, and discovered the 
principle which could explain all that is variable in the or- 
ganic world, and all the phenomena revealed to us by sen- 
suous perception. After men had for a long time, in accord- 
ance with the earliest ideas of the Hellenic people, vener- 
ated the agency of spirits, embodied in human forms,* in the 
creative, changing, and destructive processes of nature, the 
germ of a scientific contemplation developed itself in the 
physiological fancies of the Ionic school. The first principle 
of the origin of things, the first principle of all phenomena, 
was referred to two causesf — either to concrete material prin- 
ciples, the so-called elements of Nature, or to processes of 
rarefaction and condensation, sometimes in accordance with 
mechanical, sometimes with dynamic views. The hypothe- 
sis, of four or five materially difi'ering elements, which was 
probably of Indianj)rigin, has continued, from the era of the 
didactic poem of Empedocles down to the most recent times, 
to imbue all opinions on natural philosophy — a primeval evi- 
dence and monument of tho tendency of the human mind 
to seek a generalization and simplification of ideas, not only 
with reference to the forces, but also to the qualitative na- 
ture of matter. 

In the latter period of the development of the Ionic phys- 
iology, Anaxagoras of Clazomenas advanced from the postu- 
late of simply dynamic forces of matter to the idea of a spirit 
independent of all matter, uniting and distributing the homo- 
geneous particles of which matter is composed. The world- 
arranging Intelligence {vovg) controls the continuously pro- 
gressing formation of the world, and is tlio primary sourco 

* In the memorable passage (Metaph., xii., 8, p. 1074, Bokker") in 
which Aristotle spei^ of ** the relics of an earlier acauired and saose- 
qnently lost wisdom,'' he refers with extraordinary ireedom and sig- 
nificance to the veneration of physical forces, and of gods in human 
forms: "mach,*' says he, "has been mythically added Tor the pernui 
tion of the midUtvde, as also on account of the laws and for other useful 
ends.'* 

t The important difierence in these philosophical directions Tp6itoit 
is clearly indicated in Arist., Phya. Av$euU., I, i, p. 187, Bokk. (Com* 
pare Brandis, in the Rhein. Mv$ettmffir Philofogiet Jahrg. iii., s. 105.) 
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of all motion, and therefore of all physical phenomena. An- 
axagoras explains the apparent movement of the heavenly 
bodies from east to west by the assumption of a centrifugal 
force,^ on the intermission of which, as we have already ob- 
served, the fall of meteoric stones ensues. This hypolliesis 
indicates the origin of those theories of rotatory motion which 
more than two thousand years afterward attained considera- 
ble oosmical importance from the labors of Descartes, Huy- 
gens, and Hooke. It would be foreign to the present work 
to discuss whether the world-arranging Intelligence of the 
philosopher of ClazomeniB indicatcsf Ihe Godhead itself, or 
the mere pantheistic notion of a spiritual pnnciple animating 
all nature. 

In striking contrast with these two divisions of the Ionic 
school is the mathematical symbolism of the Pythagoreans, 
which in like manner embraced the whole universe. Here, 
in the world of physical phenomena cognizable by the senses, 
the attention is solely directed to that which is normal in con- 
figuration (the five elementary formsV to the ideas of num- 
bers, measure, harmony, and coutrariciies. Tilings are re- 
flected in numbers which are, as it were, an imitative repre- 
sentation (filfiTjaig) of them. The boundless capacity for rep- 
etition, and the illimitabiUty of numbers, is typical of the 
character of eternity and of the infinitude of nature. The 
essence of things may be recognized in the form of numerical 
relations ; their alterations and metamorphoses as numerical 
combinations. Plato, in his Physics, attempted to refer the 
nkture of all substances in the universe, and their diflerent 
stages of metamorphosis, to corporeal forms, and these, again, 
to the simplest triangular plane figures.l But in reference 

* Cotmos, vol. i., p. 133-135 (note), and vol. ii., p. 309, 310 (and 
note). Simpliciua, in a remarkable passage, p. 491, most distinctly 
contrasts the coutripctal with the centrifugal force. He there says, 
** The heavenly bodies do not full in conseciuenco of the centrifugal force 
being superior to the inherent fulling force of bodies and to their down- 
ward tendency.'' Ilonce Phituroli, in his work, De Facie in^ Orbc 
Luna, p. 923, compares the inoon, in consequence of its not falling to 
the earth, to " a stone in a sling." For the actual signification of the 
neptxi^pVO^C of Anaxogoras, compare Schaubach, }u Anaxag, Clazom, 
Fraam,, 1827, p. 107-109. 

t Schaubach, Op. eii,, p. 151-156, and 185-189. Plants are likewise 
■aid to be animated by the intelligence vovf ; Aristot., De Plant., i., p. 
815»Bekk. 

t Compare, on this portion of Plato's mathematical physics, BSckh, 
De Platonico SyaL Calettium Oloborum, 1810 et 1811 ; Martin, Etudf 
fltir le Timie, torn, ii., p. 234-242; and Brandis, in the Oetchichie tUr 
GricehUeh-ndmuehtn Philoiophie, th. ii., tibth. i., 1844, $ 375. 



INTRODUCl'ION. IS 

to ultimate principles (tho dements, as it wore, of the ele 
ments), Plato exclaims, witli ' modest diffidence, " God alone, 
and those whom he loves among men, know what they are." 
Such a mathematical mode of treating. physical phenomena, 
together with the development of the atomic theory, and the 
philosophy of measure and harmony, have long ohs^cted the 
development of the physical sciences, and misled fanciful in- 
quirers into devious tracks, as is shown in the history of the 
physical contemplation of tho universe. ** There dwells a 
captivating charm, celebrated by all antiquity, in the simple 
relations of time and space, as manifested in tones, numbers, 
and lines."* 

The idea of the harmonious government of the universe re- 
veals itself in a distinct and exalted tone throughout the writ- 
ings of Aristotle. All the phenomena of nature are depicted 
in the Physical Lectures {Auscultationes Physicce) as mov- 
ing, vital agents of one general cosmical force. Heaven and 
nature (the telluric sphere of phenomena) depend upon the 
" immoved motus of the universe."t The " ordainer" and the 
ultimate cause of all sensuous changes must be regarded as 
something non-sensuous and distinct from all matter, t Unity 
in the different expressions of material force is raised to Ihe 
rank of a main principle, and these expressions of force are 
themselves always reduced to motions. Thus we find already 
in " tho book of the soul'*} the germ of the undulatory theory 
of light. The sensation of sight is occasioned by a vibration 

* Co8motf vul. ii., p. 351, nolo.' Oomporo also Grappo, U^er dit 
Fragmente det ArehytaSt 1840, b. 33. 

t Aristot., Polit., vii., 4, p. 1326, and Metaph., xii., 7, p. ] 072, 10, Dokk.. 
and xii., 10, p. 1074-5. The pBeudo-Aristutelian work, De Mundo, 
-which Osann oscribed to Chrysippus (sco Co$moif vol. ii., p. 28, 29), 
also contains (cap. 6, p. 397) a very.eloquout passage on the ¥)orld-or' 
derer and world-tustainer, 

t The proofs aro collected in Hitter, History of Philosophy (Dohn, 
1838-46), vol. iii., p. 180, ei teq. 

$ Compare Aristot., De AnitruZf ii., 7, p. 419. In this passage the 
analogy with sound is most distinctly expressed, althoush in other por- 
tions of his writings Aristotle has greatly modified his theory of vision. 
Thus, in De InsomniiSf cop. 2, p. 459, Bckker, we find the following 
words : ** It is evident that sight is no less an active than a passive 
asent, and that vision not only experiences some action from the air 
(the medium), but itself also acts upon the medium.*' He adduces in 
evidence of the- truth of this proposition, that a now and very pure me- 
tallic mii'n)r will, under ccrtom conditions, whon looked at by a woman, 
retain on its surface cloudy specks that can not bo removed without 
difficulty. Compare also Martin, Etudes sur le JHmie de Platon,, torn 
Ii. p, 159.163. 
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•—a moYement of tho medium bctweon the eye and the objeet 
seen — and not by emifluons from the object or the eye. Hear- 
ing is compared with sight, as sound is Ukowiso a consequence 
of the vibration of the air. 

Aristotle, while he teaches men to investigate generalities 
in the particulars of perceptible uniti^ hv the force of reflect- 
ive reason, always includes the whole of nature, and the in- 
ternal connection not only of forces, but also of organic forms. 
In his book on the parts (organs) of animals, he clearly in- 
timates his belief that throughout all animate beings there is 
a scale of gradation, in which they ascend from lower to high- 
er forms. Nature advances in an uninterrupted progressive 
course of development, from the' inanimate or " elementary*' 
to plants and animals ; and, " lastly, to that which, though 
not actually an animal, is yet so nearly allied to one, that on 
the whole there is little diifcrence between them."* In the 
transition of formations, " the gradations are almost imper- 
ceptible."t The unity of nature was to the Stagirite tho great 
problem of the Cosmos. ** In this unity," he observes, with 
singular animation of expression, " Uicro is nothing unconnect- 
ed or out of place, as in a bad tragedy."} 

The endeavor to reduce all the phenomena of the universe 
to one principle of explanation is manifest throughout the 
physical works of tliis profound philosopher and accurate ob- 
server of nature ; but the imperfect condition of science, and 
ignorance of the mode of conducting experiments, i. e., of 
calling forth phenomena under definite conditions, prevented 
the comprehension of the causal connection of even small 
groups of physical processes. All things were reduced to the 
ever-recurring contrasts of heat and cold, moisture and dry- 
ness, primary density and rarefaction— even to an evolution 
of alterations in the organic world by a species of inner divis- 
ion (antiperistasisV which reminds us of the modem hypothesis 
of opposite polarities and tlio contrasts presented by + and — .{ 

* Aristot., De partUnu Anim^t lib. iv., cap. 5, p. 681, lin. 12, Dekker. 

t AriBtot., Hisi. Anim,, lib. ix., cap. 1, p. 588, liu. 10-24, Bekker. 
When any of the repreaentativeB of the four elements in the animal 
kingdom on oar globe fail, as, for instance, those which represent the 
element of the purest fire, the intermediate stages may perhaps be fonnd 
to occnr in the moon. (Biese, Die Phil, des Arittoielei, bd. ii., s. 18G.) 
It IS singular enoush that the Sta^rite should seek in another planet 
those intermediate links of tho chani of organized beings which we find 
111 the oxtiikst auinial and voi^utublo furuis of an earlier world. 

t Aristot., Mttapk.t lib. xiii., cap. 3, p. 1090, lin. 20, llokkor. 

^ Tho Hvuntfihraaic of Aristotle pliiys nn iniportuut part in nil hit 
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The 80-called solutions of the problems only reproduce the 
same facts in a disguised form, and the other^vise vigorous 
and concise stylo of the Stagirite degenerates in his explana- 
tions of meteorological or optical processes into a self-com- 
placent difiuseness and a somewhat Hellenic verbosity. As 
Aristotle's inquiries were directed almost exclusively to mo- 
tion, and seldom to diflerences in matter, we find the funda- 
mental idea, that all tellurio natural phenomena are to be 
ascribed to the impulse of the inovoment of the lioavoiis — 
the rotation of the celestial sphere — constantly recurring, 
fondly cherished and fostered,* but never declared with ab- 
solute distinctness and certainty. 

The impulse to which I refer indicates only the communi- 
cation of motion as the cause of all terrestrial phenomena. 
Pantheistic views are excluded ; the Godhead is considered 
as the highest ;< ordering unity, manifested in all parts of the 
universe, defining and determining the nature of all forma- 
tions, and holding together all things as an absolute power, i* 
The main idea and these teleological views are not applied 
to the subordinate processes of inorganic or elementary nature, 
but refer specially to the higher organizations^ of the animal 
and vegetable world. It is worthy of notice, that in these 
theories the Godhead is attended by a number of astral 
spirits, who (as if acquainted with perturbations and the dis- 

oxplnnatioiifl of inotnorolngicnl procciwofi; bo iiIho in Iho workn De Qen* 
eratione el Interitit, lib. ii., cnp. 3, p. 330; in tlio MrieoroloBicin^ lib. K, 
ran. 12, niid lib. iii., cnp. 3, p. 372, find in the ProMema (\w. xiv., cnp. 
3, lib. viii.. No. 9, p. 888, nnd lib. xiv., No. 3, p. 009), which nro nt nil 
events based on Aristotelian pnnciplcs. In the ancient polarity hypoth- 
esis, Kaf avTineplaraaiv, similar conditions attract ench other, ana dis- 
similar ones (-f- and — ) repel each other in opposite directions. (Com 
pare Ideler, MeteoroL veterum Orae. et Rom,, 1832, p. 10.) The op- 
posite conditions, instead of being destroved by combining together, 
rather increase the tension. The ^vxpov lucroases the ^epfiov ; as in- 
versely ** in the formation of hail, the surrounding heat makes the cold 
body still colder as the cloud sinks into warmer strata of air.'' Aristotle 
explains by his aniiperittatie proeett and the polarity of heat, what 
modem physics have taught us to refer to conduction, radiation, evap- 
oration, and changes in the capacity of heat. See the able observations 
of Paul Erman in the Abhandl. der Berliner Akademie avfdasjakr 1825, 
8. 128. 

* ** By the movement of the heavenly sphere, all that is unstable in 
natural bodies, and all terrestrial phenomena are produced." — ^Aristot., 
Meteor,, i., 2, p. 339, and De Oener. et Corrupt., li., 10, p. 336. 

t Aristot., De Coslo, lib. i., c. 9, p. 279 ; lib. ii., c. 3, p. 286 ; lib. ii., o 
13, p. 292, Bckker. (Cumpnre Diese, bd. i., s. 352-1, 357.) 

t Aristot., Phy». Av»enU., lib. ii., c. 8, p. 199; De Anima, lib. iii., o 
12, p. 434 ; De Animat. Genernt., lib. v., c. I, p. 778, Bokker. 
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tribution of masses) maintain tho planets in their eternal oib- 
its.* The stars here reveal the image of the divinity in tlie 
visible world. We do not here refer, as its title might lead 
to suppose, to the little pscudo- Aristotelian work entitled the 
" Cosmos/' midoubtedly a Stoic production. Although it de- 
scribes the heavens and the earth, and oceanic and aerial 
currents, with much truthfulness, and frequently with rhetor- 
ical animation and picturesque coloring, it shows no tenden- 
CY to refer cosmical phenomena to general physical princi- 
ples based on tho properties of matter. 

I have purposely dwelt at length on the most brilliant pe- 
riod of the Cosmical views of antiquity, in order to contrast 
the earliest elTorts made toward the generalization of ideas 
with the efforts of modem times. In the intellectual move- 
ment of centuries, whose influence on the extension of cos- 
mical contemplation has been dcfmed in another portion of 
the present work,t the close of tho tliirtecnth and the begin- 
ning of the fourteenth century were specially distinguished ; 
but the Ojnis Majus of Hogcr Bacon, the Mirror of Nature 
of Yiuccnzo do Bcauvais, tho Physical Geography (Liber Cos- 
mographicus) of Albertus Magnus, the Picture of the World 
{Imago Mundi) of Cardinal Petrus d'Alliaco (Pierre d'Ailly), 
are works which, however powerfully they may have influ- 
enced the age in which they were written, do not fulfill by 
their contents the promise of their titles. Among the Italian 
opponents of Aristotle's physics, Bernardino Telesio of Cosen- 
za is designated the founder of a rational science of nature. 
All the phenomena of inert matter are considered by him as 
the effects of two incorporeal principles (agencies or forces) 
—heat and cold. All forms of organic life — "animated" 

* See the passage in Aristot, Meteor., zii., 8, p. 1074, of which there 
18 a remarkable elucidation in the Commentary of Alexander Aphro- 
Sisiensis. The stars are not inanimate bodies, but must be regarded as 
active and living boinj^s. (Aristot, De Calo, lib. ii., cap. 12, p. 293.) 
They are tho most divme of created things; ra ^etorepa tuv ^avepuv. 
(Aristot., De CalOf lib. i., cap. 9, p. 278, and lib. ii., cap. 1, p. 284.) 
In the small pseudo-Aristotelian work De Mundo, which freqnently 
breathes a religious spirit in relation to tho preserving almightiness of 
God (ca|>. 6, p. 400), ttie high Kther is also called divine (cap. 2, p. 392). 
That which the imaginative Kepler calls moving spirits (aninue motrhea) 
in hifl work, Mytterium Cotmograpkieum (cap. 20, p. 71), is the distort- 
ed idea of a force (virtus) whose main seat is in the sun {anima mun- 
di)f and which is decreased by distance in accordance with the laws of 
light, and impels the pliinuts in ollijitic orbits. (Compare Ai»oU, Epoch 
m der Oach, derMcmchheU, Inl. I., » 274.) 

I (^tumott vol. ii., p. 241-QGO. 
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J>laii(B and animals — are tho oITect of thoso two CTcr-divided 
brocB, of which Iho one, heat, fij)Ooially appertains to tho oo- 
lestial, and tho other, cold, to the terreslnal sphere. 

With yet more unbridled fancy, but with a profound spirit 
of inquiry, Giordano Bruno of Nola attempted to comprehend 
the whole universe, in three works,* entitled De la catisa 
Principio e Uno; Contemplationi circa lo Infinito^ Uni- 
verso e Mondi innumerabUi; and Dc Minitno et Maximo. 
In the natural philosophy of Telesio, a cotcmporary of Co- 
pernicus, wo recognize at all evdnts the tendency to reduce 
the changes of matter to two of its fundamental forces, which, 
although '* supposed to act from without," yet resemble the 
fundamental forces of attraction and repulsion in the dy- 
namic theory of nature of Boscovich and Kant. The cos- 
mical views of tho Philosopher of Nola aro purely meta- 
physical, and do not seek the causes of sensuous phenomena 
in matter itself, but treat of " the infinity of space, filled 
with self • illumined worlds, of the animated condition of 
thoso worlds, and of the relations of the highest intelligence 
— God — to the universe." 

Scantily endowed with mathematical knowledge, Giorda- 
no Bruno continued nevertheless to the period of his fearful 
martyrdomt an enthusiastic admirer of Copernicus, Tycho 
Braho, and Kepler. He was cotcmporary with Galileo, but 
did not live to see the invention of the telescope by Uans 
Lippershey and Zacharias Jansen, and did not therefore wit- 
ness the discovery of the " lesser Jupiter world," the phases 
of Venus, and the nebula). With bold confidence in what 
he terms the lume internOf ragione naturale, altezza ddV 
intelletto (force of intellect), he indulged in happy conjec- 
tures regarding the movement of the fixed stars, the planet 

* Compare tho ncuto nnd learned commentary on tho workH of tho 
rhiloflopher of Nola, in tlie treatise Jordano Bruno par Christian Dor- 
tholm^, torn, ii., 1847, p. 129, 149, and 201. 

t He was burned at Rome on the 17th of February, 1600, pursuant 
to the sentence " ut quam clemeutissime et citra sanguinis efTuHionem 
puniretur.*' Bruno was imprisoned six years in the Piombi at Venice, 
and two years in the Inquisition at Rome. When the sentence of dooth 
was announced to him, Bruno, calm and unmoved, gave utterance to 
the following noble expression : ** Majori forsitan cum timore sententi- 
am in me fertis quam ego accipiam.*' When a fugitive from Italy in 
1580, he tought at Geneva, Lyons, Toulouse, Paris, Oxford, Mnrburg, 
Wittenberg (which ho calls the Athens of Germany), Vraguo, nnd Ilolm- 
stedt, where, in 1589, ho completed the scientific instruction of Duke 
Iloniy .Julius of Brunswick- Wolfcnbuttel. — Bnrtholmess, torn. ' , p. 167- 
178. lie also taught at Tadua subsequently to 1592. 
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ary nature of comets, and the deviation from the spherical 
fonn observed in the figure of the earth.* Greek antiquity 
is also replete with uranological presentiments of this na- 
ture, which were realized in later times. 

In the deyelopment of thought on cosmical relations, of 
which the main forms and epochs have been already enu- 
merated, Kepler approached ihe nearest to a mathematical 
application of the theory of gravitation, more than seventy- 
eight years before the appearance of Newton's immortal 
work, Frincipia Philosophia Naturalis, For while the 
eclectic Simplicius only expressed in general tcnns '* Uiat 
the heavenly bodies were sustained from falling in conse- 
quence of the centrifugal force being superior to the inher- 
ent falling force of bodies aud to the downward traction ;" 
while Joannes Fhiloponus, a disciple of Ammonius Hermeas, 
ascribed the movement of the celestial bodies to " a primi- 
tive impulse, and the continued tendency to fall ;*' and while, 
as we have already observed, Copernicus defined only the 
general idea of gravitation, as it acts in the sun, as the center 
of the planetary world, in the earth and in the moon, using 
these memorable words, " Gravitatem non aliud esse quam 
appetentiam quandam naturalem partibus inditam a divina 
providentia opificis universorum, ut in unitatem integrita- 
temque suam sese conferant, in formam globi coeuntes ;" 
Kepler, in his introduction to the book De Stella Martis;\ 
was the first who gave numerical calculations of the forces 
of attraction reciprocally exercised upon each other, accord- 
ing to their relative masses, by the earth and moon. He 

* DartlioUndfls, torn. ii.,'p« 219, 232, 370. Bruno carefully collected 
all the separate observations made on the celestial phenomenon of the 
sudden appearance, in 1572, of a new star in Cassiopeia. Much dis- 
cussion has been directed in modem times to the relation existing be- 
tween Bruno, his two Oalabrian fellow-countrymen, Bernardino Tele- 
sin and Thomas Oampauella, and the platonic cardinal, Nicolaus Erebs 
of Ousn. See Cotmos, vol. ii., p. 310, 311, note. 

t ** St duo lanides in aliquo loco Mundt collocarentnr propinqui in- 
vicom, extra orbom virtutis tortii coguatt corporis ; illi lapides ad simil* 
itudinem duorura Magneticorum corporum coirent loco intermedio, qui* 
libet accedens ad alterum tauto intervallo, quanta est alterius moles in 
crimparatione. Si luna et terra non retinereutur vi animali (!) aut alia 
aliqua sequipollente, quslibet in sno circuitu. Terra adscenderet ad Lu- 
nam quinqnagesima quarta parte intervalli, Luna descenderet ad Ter- 
ram quinquaginta tribus circiter partibus intervalli; ibi jungerentur, 
posito tamen quod substantia utriusque sit unius et ejusdem densitatis." 
•—Kepler, Astronomia nova, seu Phytiea ealutit de Motibut 8tdl4B Mar^ 
iu, 1609. Inirod , fol. v. On the older views regarding gravitation, 
see Cotmoi, vt I. ii., p. 310. 
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distinctly adduces the tides as evidence* that tho attractive 
force of the moon {virtus tractorta) extends to the earth j 
and that this force, similar to that exerted by tho magnet 
on iron, would deprive the earth of its water if the formei 
should cease to attract it. Unfortunately, this great mav 
was induced, ten years afterward, in 1619, probably from 
deference to Galileo, who ascribed tho ebb and flow of the 
ocean to tho rotation of tho earth, to ronounco his correct 
explanation, and depict tho earth in tho Ilarmonicc Mundt 
as a living monster, whoso whalo-like mode of breathing oc- 
casioned the rise and fall of tho ocean in recurring periods 
of sleeping and waking, dependent on solar time. Whon we 
remember the mathematical acumen that pervades one of the 
works of Kepler, and of which Laplace has already made 
honorable mention,t it is to bo lamented that tho discovoroi 
of the three great laws of all planetary motion should not 
have advanced on the path whither he had been led by his 
views on the attraction of the masses of cosmical bodies. 

Descartes, who was endowed with greater versatility of 
physical knowledge than Kepler, and who laid the founda- 
tion of many departments of mathematical physics, under- 
took to comprise the whole world of phenomena, the heav- 

* ** Si Terra ccssaret attrabere ad se aquas sua«, aquoe mariniD omues 
elevarentur et in corpus Lunas iufluerent. Orbis virtutis tractoriie, quiB 
est in Luna, porrigitur usque ad terras, et prolectat aquas qnacunque 
in verticem loci incidit sub Zonam torridam, quippe in occursum suum 
quacunque in verticem loci incidit, insensibiUter in maribus inclusis, 
sensibiliter ibi ubi sunt latissimi alvei Oceani propinqui, aquisque spa- 
ciosa reciprocationis libertas.'' (Kepler, 1. c.) " Undas a Luna trahi 
ut ferrum a Mngnete.*' .... Kenleri Harmoniee Mundi, libri quinque, 
1619, lib. iv., cap. 7, p. 162. Tne same work which presents us with 
so many admirable views, among others, with the data of the estabUsh- 
mont of the ihird law (that the squares of tho periodic times of two 
planets are as the cubes of their mean distance), is distorted by the 
wildest flights of fancy on the respiration, nutrition, and heat of the 
earth-animalt on tho soul, memory (memoiia anima Terrte), and crea- 
tive imagination (anima Telluri$ imaginatio) of this monster. This groat 
man was so wedded to these chimeras, that ho warmly contested his 
right of priority in the views regarding the earth^nimcd with tlie mys- 
tic author of the Maeroeotmotf Robert Fludd, of Oxford, who is report- 
ed to have participated in the invention of the tliermometer. (Harm. 
Mundi, p. 252.) In Kepler's writings, the attraction of masses is often 
confounded with magnetic attraction. " Corpus solis esse magncticum. 
Virtutem, quae Flanetas movet, residere in corpore solis.** — Stella MstT' 
Hi, pars iii., cap. 32, 34. To each planet was ascribed a mcgnetio axis, 
which constantly pointed to one and the same quarter of the heavens. 
(Apelt, Joh. Kepler't Attrrm. Wellantieht, 1849, s. 73. 

i Compare Cosmos vol. ii., p. 327 (and note 
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only sphere and all that ho knew concerning the animate 
and inanimate parts of terrestrial nature, in a work entitled 
Trait6 du MondCt and also Summa Philosophic, The or- 
ganization of animals, and especially that of man — a subject 
to which he devoted the anatomical studies of eleven years* 
— ^was to conclude the work. In his correspondence "viuth 
Father Mersenne, we frequently find him complaining of his 
slow progress, and of the difficulty of arranging so large a 
mass of materials. The Cosmos which Descartes alway6 
called " his world" (son monde) was at length to have been 
sent to press at the close of the year 1633, when the report 
of the sentence passed by the Inquisition at Rome on Gali- 
leo, which was first made generally known four months aft- 
erward, in October, 1633, by Gassendi and Bouillaud, at 
once put a stop to his plans, and deprived posterity of a great 
work, completed with much pains and infinite care. The 
motives that restrained him from publishing the Cosmos 
were, love of peaceful retirement in his seckidcd abode at 
Deventer, and a pious desire not to treat irreverentially the 
decrees pronounced by the Holy Chair against the planetary 
movement of the earth. t In 1664, fourteen years after the 
death of the philosopher, some fragments were first printed 
under the singular title of Le Monde, ou Traits de la Im- 
miere"t The three chapters which treat of light scarcely, 
.however, constitute a fourth part of the work ; while those 
sections which originally belonged to the Cosmos of Des- 
cartes, and treated of the movement of the planets, and their 
distance from the sun, of terrestrial magnetism, the ebb and 
flow of the ocean, earthquakes, and volcanoes, have been 
transposed to the third and fourth portions of the celebrated 
work, Principes de la Philosophic. 

Notwithstanding its ambitious title, the CosmotJieoros of 
Huygens, which did not appear till after his death, scarcely 
deserves to bo noticed in this enumeration of cosmological 
oHorts. It consiHls of the dreams and fancies of a great man 
ou the animal uud vegetable worlds, of the most remote cos- 
mioal bodies, and especially of the modifications of form which 

* See La Vie de M. Detcartea (par Baillet), 1691, Part i., p. 197, 
and CEuvret de Detcartea, publi6eB par Victor Oousiu, torn, i., 1824, 
p. 101. 

t LsUree de Deaeartee au P. Mersenne, du 19 Nov., 1633, et du 5 Jan- 
vier, 1634. (Baillet, Part i., p. 244-247.) 

\ The X^tiii trniislation bears the title Mundua aive Diasertatio de 
Luminc ul et de aliia SeJiaiium Objcctia pnmariia. Sou Descartes, OptL*- 
rulapotthuma Physica et Matkematica, Amst., 1704. 
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the human race may thore present. The reader might sup* 
pose he were perusing Kepler's Somnitim Astronomicunit or 
Kircher's Iter Eixtaticus. As Huygens, like the astronomers 
of our own day, denied the presence of air and water in the 
moon,* he is much more emharrassed regarding the exist- 
ence of inhabitants in the moon than of those in the remoter 
planets, which ho assumes to be " surrounded with vapors 
and clouds." 

Tlio immortal author of the Philosophioi Naturalis Prin* 
cipia Mathcmatica (Newton) sucooedod in ombraoing the 
whole uranological portion of the Cosmos in the eausol con- 
nection of its phenomena, by the assumption bf one all-oon- 
trolling fundamental moving force. He first applied phys- 
ical astronomy to solve a great problem in mechanics, and 
elevated it to the rank of a mathematical scidnoe. The 
quantity of matter in every celestial body gives the amount 
of its attracting force ; a force which acts in an inverse ra- 
tio to the square of the distance, and determines the amount 
of the disturbances, which not only the planets, but all the 
bodies in celestial space, exercise on each other. But the 
Newtonian theory of gravitation, so worthy of our admira- 
tion from its simplicity and generality, is not limited in its 
cosmical application to the uranological sphere, but com- 
prises also telluric phenomena, in directions not yet fully 
mvcstigatod ; it aflbrds the clew to the periodic movements 
in the ocean and the atmosphere,! and solves the problems 
of capillarity, of endosmosis, and of many chemical, eloo- 

* " Lunam aquis corere ot aOrc : Mariam siroilitadinem in Luna nal- 
lam roporio. Nam regioncs planas qats montosis molto obscnriores 
Bunt, quasquo vulgo pro maribos haberi vidoo et oooanoram nominiboB 
inBigniri, in his ipsis, longiore teloscopio inspcctis, cavitatos exiguas in- 
08B0 comporio rotundaB, umbris intuB cadontibiu ; quod mariB snporfi- 
ciei convoniro noquit; turn ipBi cnmpi iili latioroB non pronuB icqaabi-* 
lorn Buporficicm pricfoniut, cum diligontius oas intaomnr. Quod circa 
maria obbo non jioBSunt, sod matoria constaro dobont minuB candicauto. 
quam quiB est partibuB asperioribuB in quibuB rursuB qua>dam viridion 
lumine caeteraB prsBcellunt." — Hugenii Cosmotheorot, ed. alt. 1699, lib. 
xi., p. 114. Huygens conjectures, however, that Jupiter is asitated by 
mncn wind and rain, for " yentomm flatus ox ilia nubium Jovialinm 
mutabili facie cognoscitur*' (lib. i., p. G9). These dreams of Huygens 
regarding the inhabitants of remote planets, so unworthy of a man versed 
in exact mathematics, have, unfortunately, been revived by Emanuel 
Kant, in his admirable work AUgemdne N€Uurge$ehiehie und Theorie 
de$ HimmeU, 1755 (s. 173-192). 

t See Laplace (de$ Oseillaliant de VAtmotphbre, du flux Solaire ei 
Lunaire) in the Micanique Cilette, livre iv., and in the Expontion dw 
8yti. du Monde, 1824, p. 291-296. 
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tro-ioagnetic, aud orgauic processes. Newton* even distin- 
gaisbed tJie attraction of masses, as manifested in the mo* 
tiou of cosmical bodies and in the phenomena of tho tides, 
from molecular attraction, which acts at infinitely small 
distances and in the closest contact. 

Thus we see that among the various attempts which have 
been made to refer whatever is tmstable in the sensuous 
world to a single fundamental principle, the theory of grav- 
itation is the most comprehensive and the richest in cosmio- 
al results. It is indeed true, that notwithstanding the brill- 
iant progress that has been made in recent times in stiBchi- 
ometry (the art of calculating with chemical elements and 
in the relations of volume of mixed gases), all the physical 
theories of matter have not yet been referred to mathematic- 
ally-determinable principles of explanation. Empirical laws 
have been recognized, and by means of the extensively-dif- 
fused views of the atomic or corpuscular philosophy, many 
points have been rendered more accessible to mathematical 
investigation ; but, owing to the unbounded heterogeueous- 
iiess of matter and the manifold conditions of aggregation of 
particles, the proofs of these empirical laws can not as yet 
by any means be developed from the theory of contact-at- 
traction with that certainty which characterizes the estab- 
lishment of Kepler's three great empirical laws derived from 
the theory of the attraction of masses or gravitation. 

At the time, however, that Newton recognized all move- 
ments of the cosmical bodies to be the results of one and tho 
same force, he did not, like Kant, regard gravitation as an 
essential property of bodics,t but considered it either as the 

* Adjioere jam licet de spiritu qaodom nibtilissimo corpora crassa 
penradente et in itsdem latente, cojus vi et acdonibos particulse corpo- 
rom ad minimas distanUaa ae mutao tUtrahunt et contiffus facta cohos 
. rent — Newton, Principia Phil. Nat, (cd. Lo Suear et Jacqaier, 1760), 
Bchul. gon., t iii., p. G76; compare uLk> Newton's Optiet (ed. 1718), 
Query 3 1, p. 305, 353, 3G7, 372. (Laplace, 8ysL du Monde, p. 384, nud 
Cosmos, vol. ]., p. G3 (note).) 

t 11 actcuui phiL*nouiona cajlomm ot mnrU iiostri per vim ^vitatis 
expomii, led causum gravitatia nondum assiguavi. Oritur utiqiie hwo 
via a caoaa aliqua, qmu pcnetrat ad usque centra solis et planetarum, 
line virtntia dimiuutioue ; quffiqae agit non pro quautitate superficierum 
particularum, in quas agit (ut solent causae mechanicis), sed pro quanti- 
tate mateiiflB tolidse. — Ratiouem harum gravitatis proprietatum ex phae- 
nomeuis nondum potni deducere et hypotheses non fingo. Satis est 
quod gravitas revera existat et agat secundum leges a nobis expositas. 
—Newton, Principia Phil, NaL, p. 67G. <* Tu tell us diat every spo- 
oiutf of thbigs is uiuluwod witi uu occult specific ciuulity, by which it 
■ots aud pniduccB niaiiifest efiecUi, is to tell us uotiiing; but to derive 
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result of some higher and still unknown power, or of " the 
centrifugal force of the rather, which fills the realms of space, 
and is rarer within bodies, but increases in density outward. 
The latter view is set forth in detail in a letter to Eobert 
Boyle* (dated February 28, 1678), which ends \nth the 
words, '* I seek the cause of gravity in the eether." Eight 
years afterward, as we learn from a letter he wrote to Hal 
ley, Newton entirely relinquished this hypothesis of the rarer 
and denser asther.f It is especially worthy of notice, that 
in 1717, nine years before his death, he should have deemed 
it necessary expressly to state, in the short preface to the sec- 
ond edition of his Optics, that he did not by any means con- 
sider gravity as an " essential property of bodies \'*t while 

two or three general principles of motion from phenomena, and after- 
ward to tell U8 how the properties and actions of all corporeal thing^s 
follow from those manifest principles, would be a very great step in phi- 
losophy, though the causes of those principles were not yet discovered ; 
and therefore I scruple not to propose the principles of motion, and leave 
their causes to be found out*' — Newton^s Optiet, p. 377. In a previ- 
ous portion of the same work, at query 31, p. 351, he writes as folio vra : 
" Bodies act one upon another by the attraction of gravity, magnetism, 
and electricity ; and it is not improbable that there may be more at- 
tractive powers than these. How these attractions may be performed 
I do not here consider. What I call attraction may be performed by 
impuUet or by some other means unknown to mc. I use that word 
hero to signify only in general any force by which bodies tend toward 
oiin ntintlior, whatsoever bo the causo." 

*^ '' I suppose the rarer iDtlior within bodiot, and the doniior without 
thorn.*' — Operum Newioni, tomus iv. (od. 1782, Sam. Horsloy), p. 386. 
Tho above observation was made in reference to the explanation of the 
discovery made by Grimaldi of tho diffraction or uifleotion of light. At 
tho close of Newton's letter to Robert Doyle, Febmary, 1678, p. 04, he 
says : "I shall set down one conjecture more which came into my mind: 
it IS about the cause of gravity. . . ." His correspondence with Olden- 
burg (December, 1675) shows that the great philosopher was not at 
that time averse to the *' aether hypotheses." According to these views, 
the impulse of material light causes the oother to vibrato ; but the vibra- 
tions of the iBther alone, which Ras some affinity to a nervous fluid, does 
not generate light. In reference to the contest with Hooke, consult 
HonSey, t. iv., p. 378-380. 

t See Brewster's Life of Sir leaae Newton^ p. 303-305. 

X Newton's words " not to take gravity for an essential property of 
bodies" in the " Second Advertisement" contrast with his remarks on 
the forces of attraction and repulsion, which he ascribes to all molecu- 
lar particles, in order, according to the theory of emission, to explain 
the phenomena of the refraction and repulsion of the rays of light from 
reflecting surfaces " without their actual contact." (Newton, Oplie$f 
book ii., prop. 8, p. 241, and Drowstor, Op. cU.f p. 301.) According 
to Kant (soo bie Melaphymehen AnfangtgrHnde der Naturtoiitemehafif 
1800, s. 28), we can not couccivo tho oxistoiico of matter without those 
forces of attraction and repulsion. All physical phenomena aro there- 
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Gilbert, as early as 1600, regarded magnetism as a force in- 
herent in all matter. So undetermined was even Newton, 
the profound and experienced thinker, regarding the '' ulti- 
mate mechanical cause'* of all motion. 

It is indeed a brilliant effort, worthy of the human mind, 
to comprise, in one organic whole, the entire science of na- 
ture from the laws of gravity to the formative impulse (ni« 
BUS formativus) in animated bodies ; but the present imper- 
fect state of many branches of physical science offers innu- 
merable difficulties to the solution of such a problem. The 
imperfcctibility of all empirical science, and the boundless- 
ness of the sphere of observation, render the task of explain- 
ing the forces of matter by that which is variable in matter, 
an impracticable one. What has been already perceived by 
no means exhausts that which is perceptible. If, simply re- 
ferring to the progress of science in modern times, we com- 
pare the imperfect physical knowledge of Gilbert, Robert 
Boyle, and Hales, with that of the present day, and remem- 
ber that every few years are characterized by an increasing 
rapidity of advance, we shall bo better able to imagine the 
periodical and endless changes which all physical sciences 
are destined to undergo. New substances and new forces 
will be discovered. 

Although many physical processes, as those of light, heat, 
and electro-magnetism, have been rendered accessible to a 
mathematical investigation by being reduced to motion or vi- 
brations, we are still without a solution to those often mooted 
and perhaps insolvablo problems : the cause of chemical dif- 
ferences of matter ; the apparently irregular distribution of 
the planets in reference to their size, density, the inclination 
of their axes, the eccentricity of their orbits, and the num- 

fore reduced by him, as previously by Goodwin Knight (Philot. Traui" 
act, 1748, \}>, 2G4\ to the conflict of two elementary forces. In the at- 
omic theories, wnich were diametrically opposed to Kant's dynamic 
views, the force of attraction was referred, m accordance with a view 
speciallv promulgated by Lavoisier, to the discrete solid elementary 
molecules of which all bodies are supposed to consist; while the iprce 
of repulsion was attributed to the atmospheres of heat surrounding all 
elementary corpuscles. This hypothesis, which regards the so-called 
caloric as a constantly expanded matter, assumes the existence of two 
elementary substances, as in the mythical idea of two kinds of aether. 
(Newton, Optics, query 28, p. 339.) Here the question arises, What 
causes this caloric matter to expand? Considerations on the density 
of molecules in comparison with that of their aggregates (the entire 
body) lead, according to atomic hvpothesos, to the result, that tho dis- 
tance between elementary corpuscles is far greater than their diameters. 
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ber and distance of thoir satolliies ; tho configuration of con- 
tinents, and tho position of their highest mountain chains. 
Those relations in space, which we have referred to merely 
by way of illustration, can at present be regarded only as 
something existing in nature, as a fact, but which I can not 
designate as merely causal, because their causes and mutual 
connection have not yet been discovered. They are the re- 
sult of occurrences in the realms of space coeval with the 
formation of our planetary system, and of goognostic process- 
es in the upheaval of tho outer strata of tho earth into con- 
tinents and mountain chains. Our knowledge of the prime- 
val ages of the world's physical history does not extend suf- 
ficiently far to allow of our depicting the present condition 
of things as one of development.* 

Wherever the causal connection between phenomena has 
not yet been fully recognized, the doctrine of the Cosmos, or 
the physical description of the universe, does not constitute a 
distinct branch of physical science. It rather embraces the 
whole domain of nature, the phenomena of both the celestial 
and terrestrial spheres, but embraces it only under the single 
point of view of eiSbrts made toward the knowledge of the 
universe as a whole.'^f As, in the " exposition of past events 
in the moral and political world, the historian^: can only di- 
vine the plan of the government of the world, according to 
human viows, through the signs which are presented to him, 
and not by direct insight,'* so also the inquirer into nature, 
in his investigation of cosmical relations, feels himself pene- 
trated by a profound consciousness that the fruits hitherto 
yielded by direct observation and by the careful analysis of 
phenomena are far from having exhausted the number of 
mipelling, producing, and formative forces. 

* Cotmotf vol. i., p. 94-97. t O0. eit., p. 55-63. 

t Wilhelm yon Humboldt, QetammeUe Werket ba. i., s. 23. 

Vol. III.— B 



RESULTS OF OBSERVATIONS IN THE URANOLOGIOAL POR^ 
TION OF THE PHYSICAL DESCRIPTION OF THE WORLD. 

We again commence with the depths of cosmical space, 
and the remote sporadic starry systems, which appear to tel- 
escopic vision as faintly shining nebuUe. From these wo 
gradually descend to the double stars, revolving round one 
common center of gravity, and which are frequently bicol- 
ored, to the nearer starry strata, one of which appears to in- 
close our own planetary system ; passing thence to the air- 
and-ocean-girt terrestrial spheroid which we inhabit. We 
have already indicated, in the introduction to the General 
Delineation of Nature/^ that this arrangement of ideas is 
alone suited to the character of a work on the Oosmos, since 
we can not here, in accordance with the requirements of di- 
rect sensuous contemplation, begin with our own terrestrial 
abode, whose surface is animated by organic forces, and pass 
from the apparent to the true movements of cosmical bodies. 

The uranological, when opposed to the teU/wric domain 
of the Oosmos, may be conveniently separated into two di- 
visions, one of which comprises astrognosy, or the region of 
ihejixed stars, and the other our solar and planetary syS' 
tern. It is imnecessarv here to describe the imperfect and 
unsatisfactory nature of such a nomenclature and such class- 
ifications. Names were introduced into the physical sci- 
ences before the differences of objects and their strict limita- 
tions were sufficiently known.f The most important point, 
however, is the connection of ideas, and the order in which 
the objects are to be considered. Innovations in the no- 
menclature of groups, and a deviation from the meanings 
hitherto attached to well-known names, only tend to dis- 
tract and confuse the mind. 

a. ASTROGNOSY. (The Domain op the Fixed Stars.) 

Nothing is stationary in space. Even the fixed stars 
move, as Halleyt endeavored to show in reference to Sirius, 

• Cotmotf vol. i., p. 79-83. f Op. ciL, p. 56, 57 

t Halley, in the Philoi, TrantacUfor 1717, vol. zzz., p. 736. 
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Aroturus, and Aldobaran, and as in modem timoa has boon 
incontrovortibly proved with rospoct to many others. The 
bright star Arcturus has, during the 2100 years (sinoe the 
times of Aristi!lus and Hipparchus) that it has been ob- 
served, changed its position m relation to the neighboring 
fainter stars 2^ times the moon's diameter. Encke remarlu 
" that the star fi Oassiopeiss appears to have moved 3 j> lunar 
diameters, and Gl Oygni about G lunar diameters, if the an- 
cient observations correctly indicated its position.'' Oonclu- 
sions based on analogy justify us in believing that there is 
every wheto progressive, and perhaps also rotatory motion. 
The term " fixed stars" leads to erroneous preconceptions ; 
it may have referred, in its earliest meanme among the 
Greeks, to the idea of the stars being riveted mto the crys- 
tal vault of heaven ; or, subsequently, in accordance with 
the Koman interpretation, it may indicate fixity or immo- 
bility. The one idea involuntarily led to the other. In Gre- 
cian antiquity, in an age at least as remote as that of Anax- 
imenes of the Ionic school, or of Alcmeeon the Pythagorean, 
all stars were divided into toandering {darpa nXavijfieva or 
nXavriTd) and nan-wandering fixed stars {dnXavelg &aripeg 
or iirXavri doTpa),* Besides this generally adopted desig- 
nation of the fixed stars, which Macrobius, m his Somnvum 
ScipioniSf Latinized by Sphcera aplanes,\ we frequently 
meet in Aristotle (as if ho wished to introduce a new tech- 
lucal term) with tne phrase riveted stars, ivdedeniva darpa^ 
instead of dnXavrj^t as a designation for fixed stars. From 
this form of speech aroso the expressions of sidera infixa 

cado of Oicero, Stellas quas putamus affiaas of Pliny, and a^ 

» 

* Psoudo-riat, J)t floe, PhUot,, ii., 15, IG ; Stob., Edog. Pkyt,, p. 
682; Plato, in the Timttut, p. 40. 

t Macrob., 8omn, Seip.f i., 0-10 ; bIcIUb inerrantet, in Oicoro, De Nat, 
DeorwHt iii., 20. 

t The principal passage in which we meet with the technical ezpros- 
sion hSeoefiiva lujrpa, is in Aristot, Dt Calo, ii., 8, p. 289, 1. 34, p. 290, 
1. 19, Bekker. This altered nomonclatnre forcibly attracted my atten- 
tion in my investigations into the optics of Ptolemy, and his experi- 
ments on refraction. Professor Franz, to whose philological acquire- 
ments I am indebted for frequent aid, reminds me that Ptolemy (Syr^ 
tax, vii., 1) speaks of the fixed stars as aflSxed or riveted; 6anep npo- 
(nre^vxtfref. Ptolemy thus objects to the expression a^atpa dir^v^t 
(orMt inerrani) ; " in as far as the stars constantly preserve their rela 
tive distances, they might rightly be termed AnXavel^; but in as far as 
the sphere in which they complete their course, and in which they seem 
to have grown, as it were, has an independent motion, the designation 
^nXav^C i> inappropriate if applied to the sphere.*' 
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trafixa of ManiliuB, wliich corresponds with our term fixed 
stars.* This idea of fiicity leads to the secondary idea of 
immobility, of persistence in one spot, and thus the original 
signiiication of the expressions injhcum or affixwm sidus was 
gradually lost sight of in the Latin translations of the Mid- 
dle Ages, and the idea of immobility alone retained. This 
is already apparent in a highly rhetorical passage of Seneca, 
regarding the possibility of discovering new planets, in which 
he says {Nat, Quasi,, vii., 24), *' Gredis autem in hoc max- 
imo et pulcherrimo corpore inter innumerabiles Stellas, quse 
noctem dccore vario distinguunt, quso aera minime vacuum 
et inertem esse patiuntur, quinque solas esse, quibus exer- 
cere se liceat ; ceteras stare Jionim et immobilem populum?'* 
''And dost thou believe that in this so great and splendid 
body, among innumerable stars, which by their various beau- 
ty adorn the night, not suiTcring the air to remain void and 
unprofitable, that there should be only five stars to whom it 
is permitted to be in motion, while all the rest remain a fixed 
and immovable multitude ?" This fixed and immovable mul- 
litudo is nowlicro to bo found. 

In order the better to classify the main results of actual 
observations, and the conclusions or conjectures to which 
they give rise, in the description of the universe, I will sep- 
arate the astrognostic sphere into the following sections : 

I. The considerations on the realms of space and the bodies 
by which they appear to be filled. 

II. Natural and telescopic vision, the scintillation of the 
stars, the velocity of light, and the photometric experiments 
on the intensity of stellar light. 

III. The number, distribution, and color of the stars ; the 
stellar swarms, and the Milky Way, which is interspersed 
with a few nebulsB. 

ly. The newly-appeared and periodically-changing stars, 
and those that have disappeared. 

Y. The proper motion of the fixed stars ; the problematical 
existence of dark cosmical bodies ; the parallax and meas- 
ured distance of some of the fixed stars. 

YI. The double stars, and the period of their revolution 
round a common center of gravity. 

YII. The nebulsB which are interspersed in the Magellanic 
elouds with numerous stellar masses, the black spots (coal 
bags) in the vault of heaven. 

* Oicoro, De Nat I>«9rvf'i,i., 13; Plin., ii., 6 and 24 1 Manilius, ii., 3$ 
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THE REALMS OF SPACE, AND CONJECTURES REGARDINQ THAT WHICH 
APPEARS TO OCCUPY THE SPACE INTERVENINa BETWEEN THE 
HEAVENLY BODIES. 

That portion of the physical dcscrintion of the univene 
which treats of what occupies the distant regions of the 
heavens, filling the space between the globular cosmieol 
bodies, and is imperceptible to our organs, may not unaptly 
be compared to the mythical commencement of ancient nis- 
tory. In infinity of space as well as in eternity of time, all 
things are shrouded in on uncertain and frequently deceptive* 
twilight. The imagination is here doubly mipelled to draw 
from its own fullness, and to give outline and permanence to 
'^hese indefinite changing forms.* This observation will, I 
trust, suffice to exonerate me from the reproach of confound- 
ing that which has been reduced to mathematical certainty 
by direct observation or measurement, with that which is 
founded on very imperfect induction. Wild reveties belong 
to the romance of physical astronomy ; yet the mind famil- 
iar with scientific labors delights in dwelling on subjects 
such as these, which, intimately connected with the present 
condition of science, and with the hopes which it inspires, 
have not been deemed unworthy of the earnest attention of 
the most distinguished astronomers of our day. 

By the infiuence of gravitation, or general gravity, as well 
OS by light and radiating heat,t we are brought in contact, as 
we may with great probability assume, not only with our own 
Sun, but also with all the other luminous suns of the firma- 
ment. The important discovery of the appreciable resist- 
ance which a fluid filling the realms of space is capable of 
opposing to a comet having a period of revolution of five 
years, has been perfectly confirmed by the exact accordance 
of numerical relations. Conclusions based upon analogies 
may fill up a portion of the vast chasin which separates the 
certain results of a mathematical natural philosophy from 
conjectures verging on the extreme, and therefore obscure 
and barren confines of all scientific development of mind. 

From the infinity of space — an infinity, however, doubted 

« Cotmott vol. i., p. 87. (Oorapore tho admirablo obseryationi of 
Encko, Ud>er die Anordnnng dm Stemtyntemt, 1844, b. 7.) 
t Co»mo$, vol. i., p. 154, 155. 
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by Aristotle*^ — ^tallows tho idoa of its immeasurability. Sep • 
arate portions only have been rendered accessible to meas- 
urement, and tlio numerical results, which fur exceed the 
grasp of our comprehension, become a source of mere puerile 
gratification to those who delight in high numbers, and im- 
agine that the sublimity of astronomical studies may be 
heightened by astounding and terrific images of physical mag- 
nitude. The distance of 61 Oygni from the Sun is 657,000 
semi-diameters of the Earth's orbit ; a distance which light 
takes rather more than ten years to traverse, while it passes 
from the Sun to the Earth in 8' 17"-78. Sir John Hersohel 
conjectures, from his ingenious combination of photometric 
calculations.t that if the stars in the great circle of the Milky 
Way which he saw in the field of his twenty-feet telescope 
were newly-arisen luminous cosmical bodies, they would have 
required 2000 years to transmit to us the first ray of light 
All attempts to present such numerical relations fail, either 
from the immensity of tho unit by which they must be meas- 
ured, or from the high number yielded by the repetition of 
this unit. Bcssclt very truly observes that ** the distance 
which light traverses in a year is not more appreciable to 
us than the distance which it traverses in ten years. There- 
fore every endeavor must fail to convey to the mind any 
idea of a magnitude exceeding those that are accessible on 
tho earth." This overpowering force of numbers is as clear- 
ly manifested in tho smallest organisms of animal life as in 
the milky way of those self-luminous suns which we call 
fixed stars. What masses of PolythalamisB are inclosed, ac- 
cording to Ehrenberg, in one thin stratum of chalk ! This 
eminent investigator of nature asserts that one cubic inch of 
the Bilin polishing slate, which constitutes a sort of mount- 
ain cap forty feet in height, contains 41,000 millions of the 
microscopic Galionella distans; while the same volume con- 
tains more than 1 billion 750,000 millions of distinct indi- 
viduals of Galionella ferruginea.h Such estimates remind 
us of the treatise named Arenarius {ipafiiilTrj^) of Archime- 
des — of tho sand-grains which might fill the universe of 
space ! If the starry heavens, by incalculable numbers, 
magnitude, space, duration, and length of periods, impress 

* Aristot., De Calo, 1, 7, p. 276, Bekker. 
t Sir Joha Herschel, OiUlines of Astronomy ^ 1849, $ 803, p. 541. 
X Bossol, in Schuinuchor's Jahrbuchf&r 1839, s. 50. 
^ Rlircnborg, Abhandl. der BerU Akad., 1838, b. 59; olso in hit Tt^w 
nontthiere, b. 170. 
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man with the conviction of his own inBignifioanoe, his phyt- 
leal weakness, and the ephemeral nature of his existence ; 
he is, on the other hand, cheered and invigorated by the 
consciousness of having been enabled, by the application and 
development of intellect, to investigate very many important 
points in reference to the laws of Nature and the sidereal 
arrangement of the universe. . 

Although not only 'the propagation of light, but also a 
special form of its diminished intensity, the resisting medium 
acting on the periods of revolution of Encke's comet, and the 
evaporation of many of the large tails of comets, seem to 
prove that the regions of space which separate cosmical bod- 
ies are not void,* but filled with some kind of matter ; we 
must not omit to draw attention to the fact that, among the 
now current but indefinite expressions of " the air of heath 
en,** " cosmical (non-luminous) matter" and " ether,** the 
(atter, which has been transmitted to us from the earliest an- 
tiquity of Southern and Western Asia, has not always ex- 
pressed the same idea. Among the natural philosophers of 
India, ether (aka'sa) was regarded as belonging to the jxint" 
schatA, or five elements, and was supposed to be a fluid of 
infinite subtlety, pervading the whole universe, and constitu- 
ting the medium of exciting Hfe as well as of propagating 
sound.t Etymologically considered, &kA*sa sigmfies, accord- 
ing to Bopp, ** luminous or shining, and bears, therefore, in 
its fundamental signification, the same relation to the ' ether* 
of the Greeks as shining does to burning.** 

In the dogmas of the Ionic philosophy of Anaxagoras and 
Empedocles, this ether (aWrip) dififered wholly from the act- 
ual (denser) vapor-charged air {dijp) which surrounds the 

* Aristotle (Phyi. AutadL, iv., 6-10, p. 213-217, Bekker) proYos, in 
opposition to Leucippus and Democritus, that there is no unfiled space 
-^no vacuum in the universe. 

t Akd^sa signifies, according to Wilson's Sanscrit Dictionary, " the 
subtle and ethereal fluid supposed to fill and pervade the universe, and 
to be the peculiar vehicle of life and sound.'' ''The word dkd^sa (In* 
minous, smning) is derived from the root kd^t (to shine), to which is 
added the proposition d» The Quintuple of all the elements is called 
paniaehtUd, or panUehatrat and tne dead are, singularly enough, desig- 
nated as those who have been resolved into the five elements {prdpta 
p€mtichaira). Such is the interpretation given in the text of Amara- 
Koscha, Amarosinha's Dictionary."— (Bopp.) Colobrooke's admirable 
treatise on tho SAnkhya Philosophy treats of those five elements; see 
Trantaet, of the Atiat, See,, vol. i.. Loud., 1827, p. 31* Strabo refers, 
according to Mecosthenes (xv., ( 59, p. 713, Oas.), to the all-forming 
fifth element of the Indians, without, however, naming it. 
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earth, and " probably extends as far as the moon." It was 
of << a fiery nature, a brightly-beaming, pure fire-air,* of great 
subtlety and eternal serenity.'* This definition perfectly co- 
incides with its etymological derivation from aWeiv, to bum, 
for which Plato and Aristotle, from a predilection for me- 
chanical views, singularly enough substituted another {del- 
deiv), on account of the constancy of the revolving and rota- 
tory oovement.t The idea of the subtlety and tenuity of 
the upper ether does not appear to have resulted from a 
knowledge that the air on mountains is purer and less 
charged with the heavy vapors of the earth, or that the dens- 
ity of the strata of air decreases with their increased height. 
In as far as the elements of the ancients refer less to mate- 
rial diflerences of bodies, or even to their simple nature (their 
incapacity of being decomposed), than to mere conditions of 
matter t the idea of the upper ether (the fiery air of heaven) 
has originated in the primary and normal contraries of heavy 
and lights Iokhst and upper ^ earth and Jirc. These extremes 

^ Bmpedocles, v. 2l6, calls the ether na/x^avSuv, brightly-beaming, 
and therefore solf-luminous. 

t Plato, CreUyL, 410 B., where we meet with the expression deiBe^p, 
Aristot, De Caio, 1, 3, p. 270, Bekk., says, in opposition to Anazagoras : 
alOipa npoauv6fiaoav rdv Avurdru rdn-ov, &ir6 tov i^etv &€i rov atdiov 
Xpovov ^ifitvot T^u eiruwuiav avr^. 'Ava^ayopac de KaraKixptiraL rJ> 
ovoiian roittf^ ov Ka\uc * bvofia^ei yap aWipa &vTi nvpSg, We find this 
more circumstantially referred to m Aristot., Meteor. 1 1, 3, p. 339, lines 
21-*34, Bekk. : " The so-called ether has an ancient designation, which 
Anaxagoras seems to identiiy with fire ; for, according to him, the up- 
per region is full of fire, and to be considered as ether; in which, in- 
deed, he is correct. For the ancients appear to have regarded the body 
which is in a comtant steUe of movementf as possessing a divine nature, 
and therefore called it ether, a substance with which we have nothing 
analogous. Those, however, who hold the space surrounding bodies to 
be fire no less than the bodies themselves, and who look upon that 
which lies between the earth and the stars as air, would proDablv rio- 
liuquish such childish fancies if the^ properly investigated the results of 
tho latest researches of mathematicians." (The same etymology of this 
word, implying rapid revolution, is referred to by the Aristotelian, or 
Stoic, author of tho work De Mundo, cap. 2,. p. 392, Bukk.) Professor 
Franz has correctly remarked, ** That tlie play of words in the dosignu 
tion of bodies in eternal motion (aofia ael diov^ and otthe divine (mov) 
alluded to in the Meteorologica, is strikinsly cnaractenstio of the Greek 
tvpa of imagination, andanords additional evidence of the inaptitude of 
the ancients for etymological inquiry." Professor Buschmann calls at- 
tention to a Sanscrit term, dscktra, ether or the atmosphere, which looks 
very like the Greek aWr^pt with which it has been compared by Vans 
Kennedy, in his Reaearchee into the Origin and Affinity of the principal 
Languagee of Asia and Europe, 1828, p. 279. This word may also be 
referred to tho root (as, a$ch), to which tho Indians attach the signifi- 
cation of shiuiu"; or lieamiu;;. 
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are separated by two intermediate elementary bonditions, of 
which the one, wate^, approximates most nearly to the heavy 
earth, and the other, air, to the lighter element of fire.*^ 

Considered as a medium filling the regions of space, the 
other of Empedocles presents no other analogies excepting 
those of subtlety and tenuity with the ether, by whose trans- 
verse vibrations modem physicists have succeeded so hap-| 
pily in explaining, on purely mathematical principles, th( 
propagation of light, with all its properties of double rofi 
tion, polarization, and interference. The natural philosoph] 
of Aristotlo further teaches that the ethereal substanoe pen} 
etrates all the living organisms of the earth — both plant 
and animals ; that it becomes in these the principle of vil 
heat, the very germ of a psychical principle, which, uninflu- 
enced by the body, stimulates men to independent activity.^ 
These visionary opinions draw down ether from the highei 
regions of space to the terrestrial sphere, and represent it as 
a highly rarefied substance constantly penetrating through 
the atmosphere and through solid bodies ; precisely similar 
to the vibrating light-ether of Huygens, Hooke, and modem 
physicists. But what especially distinguishes the older Ionic 
from the modem hypothesis of ether is the original assump- 
tion of luminosity, a view, however, not entirely advocated 
by Aristotle. The upper fire-air of Empedocles is expressly 
termed brightly radiating (nofKpavdijv), and is said to be 
seen by the inhabitants of tno earth in certain phenomena, 
gleaming brightly through fissures and chasms {xdoiiara) 
which occur in the firmament.! 

The numerous investigations that have been made in re- 
cent times regarding the intimate relation between light, 
heat, electricity, and magnetism, render it far from improba- 
ble that, as the transverse vibrations of the other which 
fills the regions of space give rise to the phenomena of light, 
the thermal and electro-magnetic phenomena may likewise 

* Aristot., De Cash, iv., 1, and 3-4, p. 308, and 311-312, Bokk. If 
the Stagirite withholds from ether the character of a fifth eleinent, 
which indeed is denied by Ritier (Oesehiehte der Philctophie, th. iii., b. 
259), and by Martin (Etudet »ur le Timie de Platan., t. ii., p. 150), it is 
only because, according to him, ether, as a condition ofmeUUr, has no 
contrary. (Oompare Biese, Philotophie de» Arittoteles, bd. xi., b. 66.) 
Among the Pythagoreans, ether, as a fifth element, was represented by 
the fifth of the regular bodies, the dodecahedron, composed of tweWo 
pentagons. (Martin, t. ii., p. 245-250.) 

t See the proofs collected by Biese, op. eit, bd. xi., s. 93. 

I Cotmot, vol. i., p. 153. 

B2 
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liaye tlieir origin in analogous kinds of motion (curronts). It 
is reserved for future ages to make great discoveries in ref- 
erence to these subjocts. Liglit, and radiating heat, which 
is inseparable from it, constitute a main cause of motion and 
organic life, both in the non-luminous celestial bodies and on 
the surface of our planet.* Even far from its surface, in 
the interior of the earth's crust, penetrating heat calls forth 
electro-magnetic currents, which exert their exciting influ- 
ence on the combinations and decompositions of matter— on 
all formative agencies in the mineral kingdom— on the dis- 
turbance of the equilibrium of the atmosphere — and on the 
functions of vegetable and animal organisms. If electricity 
moving in currents develops magnetic forces, and if, in ac- 
oordanoe with an early hypothesis of Sir William Herschel,! 
the sun itself is in the condition of ** a perpetual northern 
light" (I should rather say of an electro-magnetic storm), we 
should seem warranted in concluding that solar light, trans- 
mitted in the regions of space by vibrations of ether, may be 
accompanied by electro-magnetic currents. 

Direct observations on the periodic changes in the decli- 
nation, inclination, and intensity of terrestrial magnetism, 
have, it is true, not yet shown with certainty that these con- 
ditions are affected by the different positions of the sun or 
moon, notwithstanding the latter's contiguity to the earth. 
The magnetic polarity of the earth exhibits no variations 
that can be referred to the sun, or which perceptibly affect 
the precession of the equinoxes.^ The remarkable rotatory 
or oscillatory motion of the radiating cone of light of Halley 's 
comet, which Bcssel observed from the 12th to the 22d of 
October, 1835, and endeavored to explain, led this great as- 
tronomer to the conviction that there existed a polar force, 

Oomparo Uio fine jKissago on tne influence of the snn's ravB in Sir 



f.' 



John Herachul't Oullines of Attronomy, i>. 237 : '' By the vivifying ac- 
tion of the auu't ruys, vegutublos are onauled to draw support from in- 
organic matter, ana become, in their turn, the winport of animals and 
of man, and the loarcos of those great depotiU of dynamical efficiency 
which are laid up for AtftMOfi uee m our cop', etrata. Uy tlium the wa- 
ters of the sea are made to circuhite in vtip t through the air, and irri- 
gate the land, producinff springs and rivers. By tliem are produced 
all disturbances of the chemical equilibrium of the elements of nature, 
which, by a series of compositions and decompositions, give rise to new 
products, and originate a transfer of materials." 

t Philot, Transact, for 1795, vol. Ixxxv., p. 318 ; John Herschel, Out' 
Imee of Aetr*, p. 238 ; see also CotmoSf vol. i., n. 189. 

t Sue Bessol, in Schumacher's A$tr, Nachr., l>d. xiii., 183C, No. 300, 
•.201. 
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" whose action differed considerably from gravitation or the 
ordinary attracting force of the sun ; since those portions of 
the comet which constitute the tail are acted upon by a re- 
puMve force proceeding from the body of the sun^^ The 
splendid comet of 1744, which was described by Heinsius, 
led my deceased friend to similar conjectures. 

The actums of radiating heat in Ihe regions of space are 
regarded as less problematical than oloctro-magnotic phenom- 
ena. Acconling to Fourier and Foisson, the temperature of 
the regions of space is the result of radiation of heat from the 
sun and all astral bodies, minus the quantity lost by absorp- 
tion in traversing the regions of space filled with'ether.f 
Frequent mention is made in antiquity by the Greek and 
Roman} writers of this stellar heat ; not only because, from 
a universally prevalent assumption, the stars appertained to 
the region of the fiery ether, but because they were supposed 
to be themselves of a fiery nature§ — ^the fixed stars and the 
sun being, according to the doctrine of Aristarchus of Samos, 
of one and the same nature. In recent times, the observa- 
tions of the above-mentioned eminent French mathemati- 
cians, Fourier and Poisson, have been the means of direct- 
ing attention to the average determination of the tempera^ 
ture of the regions of space ; and the more strongly since the 
importance of such determinations on account of the radia 
tiou of heat from the earth's surface toward tlio vault of 
heaven has at length been appreciated in their relation to 
all thermal conditions, and to the very habitability of our 
planet. According to Fourier's Analytic Tlieory of Heat, 
the temperature of celestial space {des espaces planitaires 
ou cttestes) is rather below the mean temperature of the 
poles, or even, perhaps, below the lowest degree of cold hith- 
erto observed in the polar regions. Fourier estimates it at 
from — 68** to —76® (from — 40® to — 48® Iloaum.). The icy 
pole {pole glacial), or the point of the greatest cold, no more 

* Bessel, op. eit., s. 186-192, 229. 

t Fourier, TMorie Analytique de la ChaleWf 1822, p. iz. {Annate$ 
de Chitnie et de Phyriqve, torn, iii., 1816, p. 350; torn, iv., 1817, p. 128; 
torn, vi., 1817, p. 259 ; torn, xiii., 1820, p. 418.) Poisson, in his Thiorie 
Mathimatique de la Chaleur ($ 196, p. 436, $ 200, d. 447, and $ 228, p. 
521), attempts to give the numerical estimates of the stellar heat (eko' 
leur iteUaire'S lost by absorption in the ether of the regions of space. 

X On tho neating powor of the stars, boo Aristot., De Meteor,, 1, 3, 
n. 340, lin. 28 ; and on the elevation of tho atmosphorio strata at which 
neat is at the minimnm, consult Seneca, in Nat, Qnaet,, ii., 10: ''So* 
periora enim aCris calorom vicinorum sidonim sontiuvt.*' 

^ Phit., Deplne, Philon., ii., 13. 
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correspondB ^ith tho terrestrial pole than does the tliermal 
equator t -which connects together the hottest points of all 
meridians with tho geographical equator. Arago concludes, 
from the gradual decrease of mean tiimperatures, that the 
degree of cold at the northern terrestrial pole is tt-I^^, if the 

. maximum cold observed by Captain Back at Fort Reliance 
^2** 46' lat.) in January, 1834, were actually —70^ (—56^-6 
Cent., or — 45^*3 Ileaum.).* The lowest temperature that, 
as far as we know, has as yet been observed on the earth, is 
probably that noted by NeverofT, at Jakutsk (62^ 2' lat.), 
on tlie 2lBt of January, 1838. The instruments used in 
this observation were compared with his own by Middendorff, 
whose operations were always conducted with extreme ex- 

. actitude. Neveroff found the temperature on the day above 
named to be — 76® (or -—48° Ileaum.). 

Among the many grounds of uncertainty in obtaining a 
numerical result for the thermal condition of the regions of 
space, must be reckoned that of our inability at present to 
ascertain the mean of the temperatures of the poles of great- 
est cold of the two hemispheres, owing to our insufficient ac- 
quaintance with the meteorology of the antarctic pole, from 
which the mean annual temperature must be determined. I 
attach but little physical probability to the hypothesis of Fois- 
son, that the different regions of space must have a very va- 
rious temperature, owing to the unequal distribution of heat- 
radiating stars, and that the earth, during its motion with the 

* Arago, 8ur la TempSralure du Pdle et dei etpaees CSletUt, in the 
Annvaire du Bureau det Lang, pour 1825, p. 189, el pour 1834, p. 192; 
tdao Saigey, Physique du Olobe, 1832, p. 60->76. Swanber^ found, from 
oonsideniUons on refraction, that the temperatiure of the regions of space 
was -—58^.5. — Berzelius, Jahre$benchi f^r 1830, s. 54. Arago, from 
polar observations^ fixed it at — 70^ ; and Pectet at — 76^. Saigey, by 
calculating the decrease of heat in the atmosphere, from 367 observa* 
tions made by myself in the chain of the Andes and in Mezioo, found it 
-— 85^{ and (rom thermometrical measurements made at Mont Blanc, 
and during the aeronautic ascent of Gay-Lussao, -—107^*2. « Sir John 
Herschel XEdMureh Review^ vol. 87, 1848, p. 223) gives it at — 132<^. 
We feel considerable surprisf-v and have our faith in the correctness of 
the methods hitherto adoptfid somewhat shaken, when we find that 
Poisson, notwithstanding thnt the mean temperature of Melville Island 
(74° 47' N, lat.) is — 1^ 66', gives the mean temjperature of the regions 
of space at only 8^*6, haviug obtained his data from purely theoretical 
premises, accoraing to which the reo^ions of space are warmer than the 
outer limits of the atmosphere (see the work already referred to, ^ 227, 
p. 520) ( while Pouillet ptates it, fram actinometric experiments, to be 
Bs low as — ^223^*0. {^oo Comptet Rendut de VAcadimie det Scienies. 
torn, vii., 183a p. 25«63. 
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whole solar system, receives its internal heat from without 
while passing through hot and oold Regions.* 

The question whether the thermal conditions of the celes- 
tial regions, and the climates of individual portions of space, 
have sufiered important variations in the course of ages, de 
pends mainly on the solution of a prohlem warmly discussed 
by Sir William Herschel : whether the nehulous masses are 
subjected to progressive processes of formation, while the cos- 
mical vapor is being condensed around one or more nuclei in 
accordance with the laws of attraction ? By such a con- 
densation of cosmical vapor^ heat must be liberated, as in 
every transition of gases and fluids into a state of solidifica- 
tion, t If} in accordance with the most recent views, and 
the important observations of Lord Rosse and Mr. Bond, we 
may assume that all nebulie, including those which the high- 
est power of optical instruments has hitherto failed in resolv- 
ing, are closely crowded stellar swarms, our faith in this per- 
petually augmenting liberation of heat must necessarily be 
m some degree weakened. But even small consolidated cos- 
mical bodies which appear on the field of the telescope as 
distinguishable luminous points, may change their density 
by combining in larger masses ; and many phenomena pre- 
sented by our own planetary system lead to the conclusion 
that planets have been solidified from a state of vapor, and 
that their internal heat owes its origin to the formative pro- 
cess of conglomerated matter. 

It may at first sight seem hazardous to term the fearfully 
low temperature of the regions of space (which varies be- 
tween the freezing point of mercury and that of spirits of 
wine) even indirectly beneficial to the habitable climates of 
the earth and to animal and vegetable life. But in proof of 
the accuracy of the expression, we need only refer to the ac- 
tion of the radiation of heat. The sun- warmed surface of 
our planet, as well as the atmosphere to its outermost strata, 
freely radiate heat into space. The loss of heat which they 
experience arises from the difierence of temperature between 
the vault of heaven and the atmospheric strata, and from the 
feebleness of the counter-radiation. How enormous would 
be this loss of heat,t if the regions of space, instead of the 

.* See Poisson, morie Malhim. de la CKaleur^x}* ^3^ According 

to him, tlio oonsolidnttoii of the cnrth't itnttA bognii rnitn the coiitor, niia 

ftdvniicod grndunlly townnl tho tiirfnco ; $ IDH, p. 420. Coin|Miro also 

Cofmof, vul. i., p. 176, 177. t Cofmof, vol. i., p. 80, 84, 144. 

X '* Were there no atmosphere, a thermometer freely exposed (at aim* 
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temperature they now possess, and which we designate ai 
— 76° of a mercury thermometer, had a temperature of about 
— 1400° or oven many thousand times lower ! 

It still remains for us to consider two hypotheses in rela- 
tion to the e}dst6nce of a fluid filling the regions of space, 
of which one— the less firmly-based hypothesis— -refers to the 
limited transparency of the celestial regions ; and the other, 
founded on direct observation and yielding numerical results, 
is deduced from the regularly shortened periods of revolution 
of Encke's comet. Olbers in Bremen, and, as Struvo has ob- 
served, Loys do Oheseaux at Geneva, eighty years earlier* 
drew attention to the dilemma, that since we could not con- 
ceive any point in the infinite regions of space unoccupied by 
a fixed star, i. e., a sun, the entire vault of heaven must ap- 
pear as luminous as our sun if light were transmitted to us 
in perfect intensity ; or, if such bo not the case, wo must as- 
sume that light experiences a diminution of intensity in its 
passage through space, this diminution being more excessive 
than in the inverse ratio of the square of the distance. As 
wo do not observe the whole heavens to be almost uniformly 
illumined by such a radiance of light (a subject considered 
by Halleyt in an hypothesis which he subsequently rejected), 
the regions of space can not, according to Cheseaux, Olbers, 
and Struve, possess perfect and absolute transparency. The 
results obtained by Sir William Herschel from gauging the 

set) to the heating influence of the earth's radiation, and the cooling 
power of its own into space, would indicate a medium temperature be- 
tween that of the celestial spaces ( — 132° Fahr.^ and that of the earth's 
surface below it, 82^ Fahr., i^t the equator, 3^° Fuhr., in the Polar Sea. 
Under the equator, then, it would stand, on the average, at —25° Fahr., 
and in the Polar Sea at — C8° Falir. The presence of the atmosphere 
tends to prevent the thermometer so exposed from attaining these ex- 
treme low temperatures : ilrst, by imparting heat by conduction ; sec- 
ondly, by impeding radiation outward." — Sir John Herschel, in the 
Edinburgh RevieWt vol. 87, 1848, p. 222. " Si lu olialeur des espacos 
plan6taire8 u'existait point, notre atmosphdre 6prouverait un refroidis- 
sement, dont on no pent fixer la limite. Probablemont la vie des pluntes 
ot des animuux scruit impossible d la surface du globe, ou rol6guco duns 
une 6troite zone de cette surface." (Saigey, Physique du Qlobe, p. 77.) 

* Traits de la Comite ^1743, avee une Addition aur la force de la 
Luptidre et ta Propagation dans Vilher, et sur la distance des itoUes fixes; 
par Loys de Oheseaux (1744). On the transparency of the regions of 
space, see Olbers, in Bode*s JahrhuchfUr 1826, s. 110-121 ; and Struve, 
Etudes d'Astr. Stellaire, 1847, p. 83-93, and note 95. Compare also 
Sir John Hei-schel, Outlines of Astronomy , { 798, and Cosmos, vol. i., p. 
151, 152. 

t Halley, On the Infinity of the Sphere of Fixed Stars, in the Philos. 
Transact., vol. xxxi., for t'le year 1720, p. 22-20. • 
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stars,* and irom his ingenious oxperimcnts on the space-pen- 
etrating power of his groat telescopes, seem to show, that if 
the light of Sirius in its passage to us through a gaseous or 
ethereal fluid loses only riirth of its intensity, this assump- 
tion, which gives the amount of the density of a fluid capa- 
ble of diminishing light, would suffice to explain the phe- 
nomena as they manifest themselves. Among the doubts 
advanced by the celebrated author of '* The New Outlines 
of Astronomy" against the views of Olbers and Strove, one 
of the most important is that his twenty-feet telescope shows, 
throughout the greater portion of the Milky Way in both hem- 
ispheres, the smallest stars projected on a black ground.f 

A better proof, and one based, as we have already stated, 
upon direct observation of the existence of a resisting fluid,) 
is aflbrded by Encke's comet, and by the ingenious and im* 
portant conclusion to which my friend was led in his observ- 
ations on this body. This resisting medium must, however, 
be regarded as diiferent from the all-penetrating light-ether, 
because the former is only capable of oiTering resistance in- 
asmuch as it can not penetrate through solid matter. These 
observations require the assumption of a tangential force to 
explain the diminished period of revolution (the diminished 
major axis of the ellipse), and this is most directly aflbrded 
by the hypothesis of a resisting fluid. § The greatest action 

• Cotmot, vol. i., p. 86, 87. 

t " Throughout by far tho larger portion of the extent of the Milky 
Way in both hemispheres, the general blaeknett of the ground of tho 
heavens, on which its stars are projected .... In those regions where 
the zone is clearly resolved into stars, well separated, and seen projected 
on a black groundy and where we look out beyond them into space. . . ." 
—Sir John Herschel, Ouilinea of Atir., p. 537, 539. 

t Co$tno$, vol. i., p. 85, 86, 107 ; compare also Laplace, Easai Philoe" 
opkique aur lea ProbalnlUSaf 1825, p. 133 ; Arago, m the Annuaire du 
Bureau dea Long, pour 1832, p. 188, pour 1836, p. 216; and Sir John 
llerschol, Outlinea of Aair., $ 577. 

$ The oscillatory movement of the emanations from the head of some 
comets, as in that of 1744, and in Halley*s, as observed by Besscl, be- 
tween the 12th and 22d of October, ] 835 (Schumacher, Aalron, Nachr,^ 
Nob. 300, 302, $ 185, 232^, ** may indeed, in the case of some individ- 
uals of this class of cosmical booieS, exert an influence on the transla- 
tory and rotatory motion, and lead us to infer the action of polar forces 
($ 201, 229), which differ from the ordinary attracting force of the sun;" 
but the regular acceleration observable for sixty-three years in Encke's 
comet (whoso period of rovolution is 3} years), can not bo regarded as 
tlio result of iiicidontal oniaiiations. Compare, on this cosiinonlly im- 
portant subject, Dessel, in Schum., Aatron. Nachr., No. 289, s. 6, and 
No. 310, 8. 345-^50, with Encke's Treatise on the hypothesis of the re* 
sistiiig medium, in Schum., No. 305, s. 265-274 
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18 manifested during the twonty-five days immediately pra* 
ceding and Buccocding the comet's perihelion passage. The 
value of the constant is therefore somewhat dillerent, because 
in the neighborhood of the sun the highly attenuated but 
still gravitating strata of the resisting fluid are denser. Gi- 
bers maintained* that this fluid could not be at rest, but 
must rotate directly round the sun, and therefore the resist- 
ance oflered to retrograde comets, like Halley's, must difi*er 
wholly from that opposed to those comets having a direct 
course, like £ncke*s. The perturbations of comets having 
long periodp of revolution, and the diflcrence of their magni 
tudes and sizes, complicate the results, and render it diffi- 
cult to determine what is ascribable to individual forces. 

The gaseous matter constituting the belt of the zodiacal 
light may, as Sir John Horscholf expresses it, be merely Uie 
denser portion of this comot-resisting medium. Although it 
may be shown that all nobulio are crowded stellar masses, 
indistinctly visible, it is certain that innumerable comets fill 
the regions of space with matter through the evaporation of 
their tails, some of which have a length of 56,000,000 of 
miles. Arago has ingeniously shown, on optical groundB,^ 
that the variable stars which always exhibit white light 
without any change of color in their periodical phases, might 
afibrd a means of determining the superior limit of the dens- 
ity to be assumed for cosmical ether, if we suppose it to be 
equal to gaseous terrestrial fluids in its power of refraction. 

The question of the existence of an ethereal fluid filling 
the regions of space is closely connected with one warmly 
agitated by Wollaston,^ in reference to the definite limit, of 
the atmosphere— a limit which must necessarily exist at the 
elevation where the specific elasticity of the air is equipoised 
by the force of gravity. Faraday's ingenious experiments on 

* Olbeni, in Scliuin., Astr, Nachr.t No. 2G8, 8. 58. 

t OuUinet of AUronomyf $ 55C, 597. 

t ** En assimilafU la matidre tris rare qui remplU let espaeet eile$te$ 
quant a sea propridldt r^fringenlea aux gat terretlrett la dentUi de eeite 
maliire n9 tcuiraii dSpatter une certaine limite donl let obtervaliont det 
lloilet ehcngeantet, p. e. cellet d* Algol oude^de Pertie, peuvenl atsigner 
la valeur** — Arago, in the Annuaire pour 1842, p. 336-345. ** On com 
paring the extremely rare matter occupying the regions of space with 
terrestrial gases, in respect to its refractive properties, we shall find that 
the density of this matter can not exceed a definite limit, whose value 
may be obtained from observations of variable stars, as, for instance, 
Algol or /? Persei.*' 

$ See WoUaston, Pkilot, Trantaet. for 1822, p. 89* Sir John Herschel, 
cp. cil., f 34, 36. 
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the limits of on atmosphere of mercury (that is, the eleyatioa 
at which mercurial vapors precipitated on gold leaf cease 
perceptibly to rise in an air-filled space) have given consid- 
erable weight to the assumption of a definite surface of the 
atmosphere " similar to the surface of the sea." Can any 
gaseous particles belonging to the region of space blend with 
our atmosphere and produce meteorological changes ? New- 
ton* inclined to the idea that such might be the case. If 
we regard falling stars and metoorio stones as planetary as- 
teroids, we may be allowed to conjecture that in the streams 
of the so-called November phenomena,t when, as in 1799, 
1833, and 1834, myriads of falling stars traversed the vault 
of heaven, and Ttorthern lights weie simultaneously observed, 
our atmosphere may have received from the regions of space 
some elements foreign to it, which were capable of exciting 
electro-magnetic processes. 



II. 

NATURAL AND TELESCOPIC VISION.— SCINTILLATION OF THE STARB. 
—VELOCITY OF LIGHT.— RESULTS OF PHOTOMETRY. 

The increased power of vision yielded nearly two hundred 
\ and fifty years ago by the invention of the telescope, has af- 
forded to the eye, as the organ of sensuous cosmicol contem- 
plation, the noblest of all aids toward a knowledge of the 
contents of space, and the investigation of the coniiguration, 
physical character, and masses of the planets and their sat- 
ellites. The first telescope was constructed in 1G08, seven 
years after the death of the great observer, Tycho Brahe. 
Its earliest fruits were the successive discovery of the satel- 
lites of Jupiter, the Sun's spots, the crescent shape of Venus, 
the ring of Saturn as a triple planetary formation (planota 
tergeminus), telescopic stellar swarms, and the nebulro in 
Andromeda.} In 1634, the French astronomer Morin, emi- 
nent for his observations on longitude, first conceived the idea 
of mounting a telescope on the index bar of on instrument 
of measurement, and seeking to discover Arcturus by day.f 

* Newton, PWnc. Mathem*, t. iii. (1760), p. 671: "Vapores qui ei 
solo et stellis fixis et eaudis cometarum oriutitur, incidere poswHi in al» 
mosphfcnu planetarum " t Cosmos, vol. i., p. 124-135 

X See Cosmost vol. ii., p. 317-335, with notes. 

$ Delambro. Histoirc de CAstronomie Modtme^ torn, ii., p. 255, 369 
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The porfection in tho graduation of tho arc would have failed 
entirely, or to a considerable extent, in aflbrding that great- 
er precision of obiiervation at which it aimed, if optical and 
astronomical instruments had not been brought into accord, 
and the correctness of vision made to correspond with that 
of measuremsnt. The micrometer-application of fine threads 
stretched in the focus of the telescope, to which that instru- 
ment owes its real and invaluable importance, was first de- 
vised, six years afterward (1640), by the young and talented 
Gascoigne.* 

While, as I have already observed, telescopic vision, ob- 
servation, and measurement extend only over a period of 
about 240 years in the history of astronomical science, we 
find, without including the epoch of the Chaldeans, Egyp- 
tians, and Chinese, that more than nineteen centuries have 
intervened between the age of Timochares and Aristillusf 
and the discoveries of Galileo, during which period the posi- 
tion and course of the stars were observed by tho eye alone, 
unaided by instruments. When we consider the numerous 
disliu'bancus which, during this prolonged period, checked tho 
advance of civilization, and the extension of the sphere of 
ideas among the nations inhabiting the basin of the Medi- 
terranean, we are astonished that Hipparchus and Ftolemy 
should have been so well acquainted with the precession of 
the equinoxes, the complicated movements of the planets, the 
two principal inequalities of the moon, and the position of the 
stars ; that Copernicus should have had so great a knowledge 
of the true system of the universe ; and that Tycho Brahe 
should have been so familiar with the methods of practical 
astronomy before the discovery of the telescope. Long tubes, 

{^2. Morin, in his work, Scientia LongUudinumt which appeared in 
1634, writes as follows: Applicatio tubi optici ad alhidadam ^o tiellit 
Jixit prompte et accurate mensurandis a me excogUata est. Picard had 
not, np to the year 1G67, employed any telescope on the mural circle; 
and Hevelius, when Ilulloy visited him at Dautzic in 1G79, and admired 
tho precision of his measurement of altitudes, was observing through 
improved slits or openings. ^ (Daily's Catal. of Stars f p. 38.) 

* The unfortunate Gascoigue, whose merits remained so long unac* 
knowledged, lost his life, when scarcely twenty-three years of age, at 
the battle of Marston Moor, fought by OromweU against the Royalists. 
See Derham, in the Philos, Transact,, vol. xxx., for 1717-1719, p. 603 
-610. To him belongs the merit of a discovery which was lon^ ascribed 
to Picard and Auzout, and which has ^ven an impulse previously nn« 
known to practical astronomy, the pnncipal object of whiclris to de< 
toruiiuo iMisitions in the vault of hoavon. 

t Cosmos, vol. ii., p. 177, U'S. -** 
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which wore certainly employed by Arabian astronomon, and 
very probably also by the Greeks and Itomans, may indeed, 
in some degree, have increased the exactness of the observa- 
tions by causing the object to be seen through diopters or slits. 
Abul-Hassan speaks very distinctly of tubes, to the extremi- 
ties of which ocular and object diopters were attached ; and 
instruments so constructed were used in the observatory 
founded by Hulagu at Meragha. If stars bo more easily 
discovered during twilight by means of tubes, and if a star 
be sooner revealed to the naked eye through a tube than 
without it, the reason lies, as Arago has already observed, in 
the circumstance that the tube conceals a great j^rtion of the 
disturbing light {rayons perturbateurs) diffused m the atmos 
pheric strata between the star and the eye apphed to the tube. 
In like manner, the tube prevents the lateral impression of the 
faint light which the particles of air receive at night from all 
tlie other stars in the firmament. The intensity of the image 
and the size of the star are apparently augmented. In a fre- 
quently emendated and much contested passage of Strabo, in 
which mention is made of looking through tubes, this ** en- 
larged form of the stars" is expressly mentioned, and is erro- 
neously ascribed to refraction.* 

* The passage in which Strabo (lib. iii., p. 138, Oasaub.) attempts to 
refute the views of Posidonins is given as follows, according to the 
mnntisoripts: "The image of tlie sun is enlarged on the seas at its ris- 
ing as well as at its setting, bedauso at those times a larger man of ox- 
linlations rises from the humid element; and the eye, looking through 
those oxhnlations, sees imaffos refracted into larger forms, us observed 
through lubet* The same thing happens when the setting sun or moon 
is soon throuch a dry and tliin oioud, whon thoso bodios likewise appear 
reddish." This passage has recentlv boon pronounced corrupt (see 
Kramer, in Strabonia Geogr., 1844, vol. i., p. 211), and dl vahjv (throoj^h 
glass spheres) substituted for 61 aifXuv (Scnneider, Eelog, Phvi., vol. ii., 
p. 273). The magnifying power of hollow glass spheres, niled with 
water (Seneca, i., 6), was, indeed, as familiar to the ancients as the ac- 
tion of buming-glasses or crystals (Aristoph., Nvb.f v. 765), and that of 
Nero's emerald (Plin., xxxvii., 5) ; but these spheres most assuredly 
could not have been employed as astronomical measuring instruments. 
(Compare Cosmos, vol. ii., p. 245, and note t.) Solar altitudes, taken 
through thin, light clouds, or through volcanic vapors, exhibit no trace 
of the influence of refraction. (Humboldt, Reeval d^Obterv* Asir.^ vol. 
i., p. 123.) Oolonel Baeyer observed no angular deviation in the heli- 
otrope lignt on the passage of streaks of mist, or even from artificially 
developed vapors, and therefore fully confirms Arago*s experiments. 
Peters, ^t Pnlkowa, in no case found a difierence of 0''*017 on compar- 
ing groups of stellar altitudes, measured in a clear sky, and through 
lignt clouds. See his Recherehc§ $nr la ParaUaxe de$ EloHeSf 1848, p. 
80, 140-] 43 ; also Struve's Etudes Stellaires, p. 98. On tlie application 
of tubes for astronomical observation in Arabian instruments, see Jour 



44 C08M08. 

• 

Light, from whatever source it comes — ^whether from th« 
smi, as solar light, or reflected from the planets; from the 
fixed stars ; from putrescent wood ; or as the product of the 
vital activity of glow-worms — always exhibits the same con- 
ditions of refraction.* But the prismatic spectra yielded by 
different sources of light (as the sun and the fixed stars) ex- 
liibit a diflercr.ee in the position of the dark lines (raies du 
sjHctre) which Wollaston first discovered in 1808, and the po- 
sition of which was twelve years afterward so accurately de- 
termined by Fraunhofer. While the latter observer coimted 
600 dark lines (breaks or interruptions in the colored spec- 
trum), Sir David Brewster, by his admirable experiments with 
nitric oxyd, succeeded, in 1833, in counting more than 2000 
lines. It had been remarked that certain lines failed in the 
spectrum at some seasons of the year ; but Sir David Brew- 
ster has shown that tills phenomenon is owing to difierent al- 
titudes of the sun, and to the different absorption of the rays 
of light in their passage through the atmosphere. In the spec- 

daiu, 8ur VOhetvatoire de Meragha, p. 27 ; and A. S6diI1ot, M6m, sur 
lei Instruments Astronomiques des Arabes, 1841, p. 198. Arabian astron- 
omers have also the merit of having first employed large gnomons with 
small circular apertures. In the colossal sextant of Abu Mohammed 
al-Ohokandi, the limb, which was divided into intervals of five minutes, 
received the image of the sun. ** A midi les rayons du soleil passaient 
par une ouverture pratique dans la voAte de I'observatoire qui couvrait 
I'instrument, suivant le tuyau, et formaient sur la concavity du sextant 
une image circulaire, dont le centre donnait, sur I'arc gradu6, le com 
plement de la hauteur du soleil. Cet instrument difiere de notre mural, 
qu'en ce qu'il etait garni d'un simple tuyau au lieu d'une lunette." ''At 
noon, the rays of the sun passed througn an opening in the dome of the 
observatory, above the instrument, and, following the tube, fqrmed in 
the concavity of the sextant a circular image, the center of which marked 
the sun's altitude on the graduated limb. This instrument in no way 
differed from our mural circle, excepting that it was furnished with a 
mere tube instead of a telescope." — S6dillot, p. 37, 202, 205. ' Dioptric 
rulers (pinnula) were used by the Greeks and Arabs in determining 
the moon's diameter, and were constructed in such a manner that the 
circular anerture in the moving object diopter was larger than that 
of the fixeu ocular diopter, and was drawn out until tho lunar disk, seen 
through the ocular aperture, completely filled tho object aperture.—* 
Dolambre, Hisl, de VAstron. du Afoven Age^ p. 201 ; and S6diliot, p. 198. 
The adjustment of the dioptric rulers of Archimedes, with round aper- 
tures 3r slits, in which the direction of the shadows of two small cylin- 
ders attached to the same index bar was noted, seems to have been orig- 
inally introduced by Hipparchus. (Baily, Hist» de VAstron. Mod., 2d 
ed., 1785, tom. i., p. 480.) Compare also Theon Alexandrin., Bas., 1538, 
p. 257, 262 ; Les Hypotyp. de Proclus Diadockus, ed. Halma, 1820, p 
107, 110; and Ptolem. Almag., ed. IJalma, tom. i.. Par., 1813, p. Ivii. 
* According to Amgo. Sue Moigiio, Ripert. d*Optique Modeme, 1 847 
p. 153. 
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tra of the light reflected from the moon, from Ycniu, Mara, 
and tlio clouds, wo recognize, as might bo anticipated, all the 
peculiarities of the solar spectrum ; but, on the other hand, 
the dark lines in the spectrum of Sirius difler from those of 
Castor and the other fixed stars. Castor likewise exhibits dif- 
ferent lines from Pollux and Procyon. Amici has confirmed 
this difl!crence, which was fint indicated by Fraunhofer, and 
has ingeniously called attention to the fact that in fixed stara, 
which now have an equal and perfectly white light, the dark 
lines are not the same. A wide and important field is thus 
still open to future investigations,* for we have yet to distin- 
guish between that which has been determined with certain- 
ty and that which is merely accidental and depending on the 
absorbing action of the atmospheric strata. 

We must here refer to another phenomenon, which is pow- 
erfully influenced by the specific character of the source of 
light. The light of incandescent solid bodies, and the light 
of the electric spark, exhibit great diversity in the number 
and position of Wollaston's dark lines. From Wheatstone's 
r'^.markable experiments with revolving mLTors, it would ap- 
pear that tho light of frictional electricity has a greater veloc- 
ity than solar light in the ratio of 3 to 2 ; that is to say, a ve- 
locity of 95,908 miles in one second. 

The stimulus infused into all departments of optical science 
by tho important discovery of polarization,! to which tho in- 
genious Malus was led in 1808 by a casual observation of the. 
light of the setting sun reflected from the windows of the Pa- 
lais du Luxembourg, has aflbrded unexpected results to sci- 
ence by the more thorough investigation of the phenomena of 
double refraction, of ordinary fHuygens's) and of chromatic po- 
larization, of interference, ana of diflraction of light. Among 
these results may be reckoned the means of distinguishing 
between direct and reflected light,} the power of penetrating, 

* On the relation of the dark lines on the tolar spoctrum in tho Da- 
guerreotype, see Compiea Rendus det Sianees de PAcadSmie det 8cienet$, 
torn, xiv., 1842, p. 902-904, and torn, xvi., 1843, p. 402-407. 

t CoifHoa, vol. ii., p. 332. 

i Arago's investigation of cometary light may here be addaced as an 
instance of the important difference between proper and reflected light 
The formation of the complementary colors, red and green, showed by 
the application of his discovery (in 1811) of ehromatie polarixationf that 
the lignt of Halley's comet (1^5) contained r^ected tolar light, I was 
myself present at the earlier experiments for comparing, by moans of 
the equal and unequal intensity of the images of the polariscope, tho 
proper light of Capolla with tlio splendid comot, as it suoidenly emerged 
from the rays' of the sun at the beginning of July, 1819. (See Annuaire 
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as it were, into the constitutioiL of the body of the sun and 
of its luminous onvolopcs,* of measuring the pressure of at- 

du Bureau des Long, pour 1836, p. 232 ; Cosmost vol. i., p. 105 ; aud Des- 
fel| in Schumachers JaKrbuehf&r 1837| 169.) 

* Letire de M.Arago d M. Alexandre de Humboldt, 1840, p. 37 : **A 
I'aide d'un polarbcope de mon invention, je reconnus (avant 1820) que 
la lumi^re ae tons lea corps terrestres incondescents, eolides ou liquides, 
est de la lumidre naturelle, tant qu'elle 6mane du corps sous des inci- 
dences perpendiculaires. La lumiere, au contraire, qui sort de la surface 
incandosconte sous un angle aigu, ofire des marciues manifestes de po- 
lurisation. Jo no m*arr6to pas k to rapuclor ici, comment je d6duiBis 
de ce fait la cons6auonce curieuse quo la lumi^re no s'engendro pas 
souloment k la suriuce des corps; au'une portion nalt done leur tub- 
ttanee mime, cette substance flkt-ello au platine. J'ai seulement besoin 
de dire qu'en r6p6tant la m6me s6rio a'6preuves, et avec lea m^mes 
instruments sur la lumidre que lance une substance gazeute enflamm6e, 
on no lui trouve, aout qudque inclinaiton que ce toU, aucun dos canic- 
t^ros do la lumidre polaritde; quo la liimi^ro dos gaz, x^rise k la sortie 
do la surfaco enflaunn6o, est do la lumidro nuturolto, co qui n'emp^cho 
pas qu'ello no so polarise ensuito compldtomont si ou la soumot k dos 
r6fioxions ou k des r6fractions convenablos. De \k une m6thode trds 
simple pour d6couvrir k 40 millions de lieues de distance la nature du 
soldi. La lumi6ro provenant du bord de cet asire, la lumidro 6man6e 
de la matidre solaire tout un angle aigu, et nous arrivant sans avoir 
6prouv6 en route des reflexions ou des refractions sensibles, ofire-t-elle 
des traces de polarisation, le soleil est un corps solide ou liquide* S'il 
n'y a, au contraire, aucun indice de polarisation dans la Inmi^re du bord, 
\& parte incandetcente du soleil est gaxeuse, O'est par cet enchalnement 
methodique d'observatious qu'on pent arriver k des notions exactes sur 
la constitution physique du soleil." 

" By the aid of my polariscope I discovered (before 1820) that the 
Ught of all terrestrial objects in a state of incandescence, whether they 
be solid or liquid, is natural as long as it emanates from the object in 
perpendicular rays. The light emanating from an incandescent surfaco 
at an acute angle presents, on the other hand, manifest proofs of polar- 
ization. I wiu not pauso to remind you that this circumstance has led 
me to the remarkable conclusion that light is not generated on the sur- 
face of bodies only, but that some portion is actual^ engendered within 
the substance itself, oven in tho cose of platinum. I need only here ob- 
sorvo, that in repeating tho sumo series of experiments (and with tho 
sumo instiiimonts) on Uio light onrumuting from a burning gaseous sub* 
stunco, I could not discover any chtu^ctorislics of polarized light, what- 
cpcr might be the angle ut which it omunntod ; and I found that the light 
of gusoous bodies is natural light when it issues fi-om the burning sui 
face^ although this circumstance doos not prevent its subsequent com 
plete polarization, if subjected to suitable reflections or relitictions. 
Henoe we obtain a most simple method of discovering the nature of the 
sun at a distance of 40 millions of leases. For if the light emanating 
from the margin of the sun, and radiating from the solar substance at an 
acute angle, reach us without having experienced any sensible reflec- 
tions or refractions in its passage to the earth, and if it offer traces of 
polarization, the sun must be a solid or a liquid body. Put if, on the 
contrary, the light emanating from the sun's margin giv^ no indications 
of polarization, tho incandescent portion of the sun must be gaseous. It 
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moBpherio strata, and oven the smallest amount of water they 
contain, of scrutinizing the depths of the ocean and its rooks 
by means of a tourmaline plate,* and, in accordance with 
Newton's prediction, of comparing the chemical compositionf 
of several suhstancest with their optical efiects. It will be 
sufficient to mention the names of Airy, Arago, Biot, Brew- 
ster, Gauchy, Faraday, Frosnol, John Herschol, Lloyd, Ma- 
ins, Neumann, Plateau, Soebock, to remind the sci- 
entific reader of a suocossiou of splendid disooyories and of 
their happy applications. The great and intellectual labors 
of Thomas Young more than prepared the way for these im- 
portant efforts. Arago's polariscoi>e and the observation of 
the position of colored fringes of difiraction (in consequence 
of interference) have beoii extensively employed in the pros- 
ecution of scientific inquiry. Meteorology has made equal 
advances with physical astronomy in this new path. 

However diversified the power of vision may be in difi!er- 
ent persons, there is nevertheless a certain average of organ- 
is by means of such a methodical seqaeuce of observations that we may 
acquire exact ideas regarding the physical constitation of the san.'' 
(On the Envelopes of the San, see Arago, in the Annuaire pour 1846, 
p. 464.) I give all the circumstantial optical disquisitions which I hare 
borrowed from the manuscript or printed works of my friend, in his 
own words, in order to avoid the misconceptions to whicii the variatiotts 
of scientific terminology might give rise m retranslating the passages 
into French, or any other of the various languages in which the Cotmoi 
has appeared. 

* ** Bur reflfot d'une lame de tourmaline taill^e parall6lement auz 
aretes du prisme servant, lorsqu'elle est convenablement situ6e, ^611- 
miner en totalit6 les rayons r^flechis par la surfiice de la mer et mA16s k 
la lumidre provenant de Fdcueil." ^ " On the effect of a tourmaline plate 
cut parallel to the edges of the prism, in concentrating (when placed in 
a suitable position) aU the ra^s of light reflected by thd surface of the 
sea, and blended with the light emanating from tho sunken rooks.'* 
Soo Arago, Inttmetiom de la Boniie, in tho Annuaire pour 1836, p. 339 
343. 

f " Do la possibilit6 do d6torminor los pouvoirs r6fringonts dos corps 
d'aprds lour composition chimique." On tho possibility of dotormining 
the refractins powers of bodios according to thoir chomical composition 
applied to the ratio of the oxygon to the nitrogen in atmosphoric air, 
to ttie quantity of hydrogen contained in ammonia and in water, to car- 
bonic acid, alcohol, and the diamond). See Biot et AragOf Mimoire 
§ur lee AJiniUe dee Corpe pour la Lumidre, Mars, 1806; abo Mimoiree 
Mathem. et PKye. de VInetituif t. vii., p. 327-346 ; and my Mhnoire eur 
lee RSfraetione Aetronomiquee done la Zone Torride, in the ReeueU 
d^Observ. Aitron.f vol. i., p. 115 and 1S2. 

X Experiences de M. Arago eur la pmeeanee Rifraetive dee Corpe Dp- 
aphanee (de Voir eec elde Fair hvmide) par le Diplaeement dee Frangee, 
in Moigno, RSpertoire d^Optiqne Mod,, 1847, p. 159-162. 
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te capacity, which was the same among former generations, 
as, for instance, the Oreojcs and Romans, as at the present 
day. The Pleiades prove that several thousand years ago, 
even as now, stars which astronomers regard as of the sev- 
enth magnitude, werd invisihle to the naked eye of average 
visual power. The group of the Pleiades consists of one 
star of the third magnitude, Alcyone ; of two of the fourth, 
Electra and Atlas ; of three of the fifth, Merope, Ma'ia, and 
Taygeta ; of two hetwoen the sixth and the seventh magni- 
tudes, Pleione and Celasno ; of one hetween the seventh and 
the eighth, Asteropo ; and of many very minute telescopic 
stars. I make use of the nomenclature and order of succes 
sion at present adopted, as the same names were among the 
ancients in part applied to other stars. T'le six first-named 
stars of the third, fourth, and fifth magztitudes were the only 
ones which cpuld ho readily distinguished.* Of these Ovid 
says {Fast, iv., 170), . 

" Quid aeptem dici, lez tamen esse solent." 

One of the daughters of Atlas, Merope, the only one who 
was wedded to a mortal, was said to have veiled herself for 
very shame, or even to have wholly disappeared. This is 
prohahly the star of ahout the seventh magnitude, which we 
call Gelasno ; for Hipparchus, in his commentary on Aratus, 
ohserves that on clear moonless nights seven stars may ac- 
tually he seen. OelsenOi therefore, must have been seen, for 
Pleione, which is of equal brightness, is too near to Atlas, a 
star of the fourth magnitude. 

The little star Alcor, which, according to Triesnecker, is 
situated in the tail of the Great Bear, at a distance of 11' 

* Hipparchns says (ad Arati Phan., 1, p. 190, in Uranologio Petavii)t 
in refutation of the assertion of Aratus ttiat there were only six stars 
visible in the Pleiades : '' One star escaped the attention of Aratus. For 
when the eye is attentively fixed on this constellation on a serene and 
moonleti night, seven stars are visible, and it therefore seems strange 
that Attalus, iti his doscriptiuu of the IMoindos, should have neclectod 
to notice tliis oversight on the part of Aratus, us though ho rogurUed the 
statement as correct.'' Merope is called the invitwle (iravafav^c) in 
the Catatteriims (XXIII.) ascribed to Eratosthenes. On a supix>sed 
connection between the name of the veiled (the daughter of Atlas) with 
the geographical myths in the Meropis of Theopompus, as well as with 
the great Satumian Oontinent of Plutarch and the Atlantis, see my Ex 
amen Crit, de VHiat, de la Oiographie, t. i., p. 170. Compare also Ideler 
Untereuchungen fiber den Ursprung vnd die BedaUung der Sternnamenf 
1809, p. 145; and in reference to astronomical determination of places 
consult Midler, Untireuch. fibet die Fizslem'Sygteme, th. ii., 1848, s. Z6 
and 166; also Baily in the Mem, of the Attr, Soe,, vol. xiii., p. 33. 
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48 from Mizar, is, according to A.rgelander, of the fifth 
magnitude, but overpowered. by the rays of Mizar. It was 
called by the Arabs 8aidak, ** the Test/' because, as the Fer^ 
sian astronomer Kazwini* remarks, " It was employed as a 

* See Ideler, Stemnamenf 8. 19 and 25. Arago, in manascript noticei 
of the year 1847, writes as foUows: "On observe qu'une lomidre forto 
fait dtsparaltre une lumidre faible placoo dans le voisinage. Quelle 

1>eut en Atro la cause f 11 est posiible phjrsiologiquomont que r6bron- 
omont conimaniqu6 A la r6tino phr la lumidro forte s'6tond an dolA dot 
points quo la lumidre forte a franp6s, ot quo cot 6bninloment iooon- 
daire absorbe et noutraliie en quotquo sorto r6branlomont provenaut de 
la seoonde et faible lumidre. Mais sans entrer dans cos causes physio* 
logiques, il y a une cause directe qn'on pout indiquer pour la dispari- 
tion de la faible lomidre : c'est ^ue les rayons provenant de la grande 
n'ont pas settlement form^ une image nette sur la ratine, mais se sent 
disperse aussi sur toutes les parties de cet organe k cause des imper- 
fections do transparence do la com6e. Los rayons da corps plus bril- 
lant a en traversant la cornde so comportent comme en traversant un 
corps legdrement d^poli. Une partie oes ces rayons refracts r^gulidre- 
ment forme I'image ndme de a, I'autre partie dispergSe Claire la totality 
de la ratine. Cost done sur ce fond lumineux que se proiette I'image 
de I'ohjet voisin b» Oette dernidre image doit done ou disparaltre ou 
dtre affaiblie. De jour deux causes contribucnt d raflfaiblissement des 
^toiles. L'une de ces causes c'est I'imago distincte de cette portion de 
I'atmosphdre comprise dans la direction de T^toile (de la portion a6ri« 
enne plac^ entre roeil et I'^toile) et sur laquelle I'image de r^toile yient 
de se peindre ; I'autre cause c'est la lumidre difiuse provenant de la dis- 
persion que les ddfauts de la com6e imprtment oux rayons dmanants do 
tous les points do Tatmosplidro visible* Ve nuit los couches atmosphd- 
riques intorposdcs entro I'osil et I'dtoile vers laquelle on vise, n'ogissent 
pas ; chaque dtoilo du firmament forme uno image plus nette, mais une 
partie de leur lumidre se trouve dispersde d cause du manque de dia- 
phanitd de la comde* Le mdme raisonneraent s'applique d une doux- 
idme, troisidme .... millidme dtoile. La rdtine se trouve done dclai- 
rde en totalitd par une lumidre diffuse, proportionnelle an nombre de 
ces dtoiles et d leur dclat. On conceit par id quo cette sommo de lu- 
midre diffuse affaiblisse ou fasse entidrement disparaltre Timage do 
Tdtoile vers laquelle on dirige la vue." 

** We find that a strong light causes a fainter ono placed near it to dis- 
appear. What can be the cause of this phenomenon f It is physiolog- 
ically possible that the vibration communicated to the retina by strong 
light may extend beyond the points excited by it; and that this secondary 
vioration may in some degree absorb and neutralize that arising from the 
second feeble light. Without, however, entering upon these pbysiologio- 
al considerations, there is a direct cause to which we may refer the disap- 
pearance of the feeble light, viz., that the rays emanating from the strong 
light, after forming a perfect image on the retina, are dispersed over aU 
parts of this organ in consequence of the imperfect transparency of the 
cornea. The n^s of the more brilliant body a, in passing the cornea, 
are affected in ths same manner as if they were transmitted through a 
body whose surface was not perfoctl v smooth. Some of those regvlarly 
refraeied rays form the imago a, wfiilo the remainder of the dupertei 
rays illumine the whole :f the rotina. On this luminous ground the 

Vol. Ill— C 
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test of the power of vision.'' Notwithstanding the low po- 
sition of the Groat Boar under the tropics, I have very ais- 
tinotly soon Alcor, ovoning after evening, with the naked 
eye, on the rainless shores of Cumana, and on the plateaux 
of the Cordilleras, which are elevated nearly 13,000 feet 
above the level of the sea, while I have seen it less frequent- 
ly and less distinctly in Europe and in the dry atmosphere 
of the Steppes of Northern Asia. The limits within which 
the naked eye is unable to separate two very contiguous ob- 
jects in the heavens depend, as Miidlor has justly observed, 
on the relative brilliancy of the stars. The two stars of the 
third and fourth magnitudes, marked as a Capricorni, which 
are distant from each other six and a half minutes, can with 
ease be recognized as separate. Galle thinks that e and 6 
LyrsB, being both stars of the fourth magnitude, may be dis- 
tinguished in a very clear atmosphere by the naked eye, al- 
though situated at a distance of only three and a half min- 
utes from each other. 

The preponderating effect of the rays of the neighboring 
planet is also the principal cause of Jupiter's satellites re- 
maining invisible to the naked eye ; they are not all, how- 
ever, as has frequently been maintained, equal in brightness 
to stars of the fifth magnitude. My friend, Dr. Galle, has 
found from recent estimates, and by a comparison with 
neighboring stars, that the third and brightest satellite is 
probably of the fifth or sixth magnitude, while the others, 
which are of various degrees of brightness, are all of the sixth 
or seventh magnitude. There are only few cases on record 
in which persons of extraordinarily acute vision — ^that is to 
say, capable of clearly distinguishing with the naked eye 

image of the neighboring object b is projected. This lost image must 
therefore either wholly disappear or be dimmed. By day two causes 
contribute to weaken the lignt of the stars; one is the distinct image 
of that portion of the atmosphere included in the direction of the star 
(the aCnal field interpnosed between the eye and the star^, and on which 
the image of the star is formed, while the other is the light diffused by 
the dispersion which the defects of the cornea impress on the rays em- 
anating from all noints of the visible atmosphere. Ai night, the strata 
of air interposed between the eye and the star to which we direct the 
instrument, exert no disturbing action ; each star in the firmament forms 
a more perfect imase, but a portion of the light of the stars is dispered 
in consequence of the imperfect transparency of the cornea. The same 
reasoning applies to a second, a third, or a thousandth-star. The retina, 
then, is entirely illumined by a diffused light, proportioqate to the num- 
ber of the stars and to their brilliancy. Hence we may imagine that 
the aggregate of this diOTused light must either weaken, or outiroly ob< 
lit«rute tlio image of the star toward which the eye is directed." 
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•tars faititor than thoso of tlio sixth magnitude — ^liave boon 
able to distmguish the BatoUitos of Jupiter without a tele- 
scope. The angular distance of the third and brightest sat- 
ellite from the center of the planet is 4' 42'' ; that of the 
fourth, which is only one sixth smaller than the largest, is 
8' 16" ; and all Jupiter's satellites sometimes exhibit, as Ar- 
ago maintains,* a more intense light for equal surfaces than 

* Arogo, in tho Annuaire pour 18i2, p. 284, and in tho Comptes 
Rendui, torn. xv.. 1842, p. 750. (Schum., AHron, Nackr.t No. 702.) 
" I have institated some calcalations of magnitudes, in referonce to yoar 
conjeotnres on the visibility of Japiter's satellites," virrites Dr. Galle, in 
letters addressed to me, " but I nave found, contrary to my expecta* 
tions, that they are not of the fifth magnitude, but, at roost, only of the 
sixth, or even of the seventh magnitude. The third and brightest sat* 
ellite alone appeared nearly equal in brightness to a neighboring star 
of the sixth magnitude, which I could scarcely recognize with the naked 
eye, even at some distance from Jupiter ; so that, considered in refer- 
ence to the brightness of Jupiter, this satellite would probably be of the 
fifth or sixth magnitude if it were isolated from the planet. The fourth 
satellite was at its greatest elougation^but yet I could not estimate it at 
more than the 
vent this satellite 
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easily recognized as a double star (at a distance of 5i minutes), I should 
estimate the radiation of Jupittr at five or six minutes, at least, for or- 
dinary vision.'' These estimates correspond with those of Arago, who 
is even of opinion that this false radiation may amount in the case of 
somo persons to doublo this quantity. Tho moan distnnoos of tlio four 
satellites from the center of the main planet are undoubtedly V 51'',' 
2' 57'*, A' 42", and 8' 16". ** Si nous supposons que I'image de Jupiter, 
dans certains veux exceptionnels, s'6panouisse seulement par des ray- 
ons d'une on aeux minutes d'amplitude, il ne semblera pas impossible 
que les satellites soient de tems en tems aperf us, sans avoir besoin de 
recourir k Fartifice de I'amplification. Pour verifier cette conjecture, 

fl'ai foit constniire une petite lunette dans laauelle I'objectif et PocU' 
aire ont a peu prds le mdme foyer, et qui a6s lors ue grosni point. 
Oette lunette ne d6tniit pas entidrement les rayons divergents, mais 
elle on r6duit considdrablement la longueur. Cela a suffi i)our qu'nn 
satellite convenablement 6cart6 de la pTandte, soit devenu visible. Le 
fait a 6t6 constat^ par tous les jeunes astronomes de I'Observatoire.'' 
'* If we suppose that the image of Jupiter appears to the eves of some 
persons to be dilated by rays of only one or two minutes, it is m t im- 
possible that the satellites may from time to time be seen without the 
aid of magnifying glasses. In order to verify this conjecture, I caused 
a small instrument to be constructed in which the object-glass and the 
eye-piece had nearly the same focus, and which, therefore, did not mag 
fit/y* This instrument does not entirely destroy tho diverging rays, al 
though it considerably reduces their length. This method has sufficed 
to render a satellite visible when at a sumcient distance from the planet. 
This observation has been confinnod by all tlie young astronomers at 
tho Observatory." (Arago, in tho CompUa Rendua, torn, xv., 1843, p. 
751.) 
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Jupiter himself; ocoaaionally, however, as shown hy recent 
observations, they appear like gray spots on the planet. The 
rays or tails, which to our eyes appear to radiate from the 

Elanets and fixed stars, and which were used, since the ear- 
est ages of mankind, and especially among the Egyptians, 
as pictorial representations to indicate the shining orbs of 
heaven, are at least from five to six minutes in length. 
(These linos are regarded by Hassenfratz as caustics on the 
crystalline lens : intersections des deux caustiques,) 

** The image of tho star which we see with the naked eye 
is. magnified by diverging rays, in consequence of which it 
occupies a larger space on tho retina than if it were concen- 

At a remakable instanco of acute vision, and of the great sensibility 
of the retina in some individaals who are able to see Jupiter's satellites 
with the naked eye, I may instance the case of a master tailor, named 
SchOn, who died at Breslau in 1837, and with reference to whom I have 
received some intorestinc' communications from the learned and active 
director of tho Ureslau Obsorvatoi-y, Von Doguslawski. ** After having 
(siuco 1 820) convinced ourselves, by several rigid tests, that in serene 
inoonluBS uighUi Sch5n was able correctly to indicate tho noiilion of sev- 
eral of Jupiter's satellites at the samo time, wu spoko to him of the em- 
anations and tails which appeared to prevent others from seeing so 
clearly as he did, when he expressed his astonishment at these ob- 
structing radiations. From the animated discussions between himself 
and the bv-standers regarding the difficulty of seeing the satellites witib 
the naked eve', the conclusion was obvious/ that the planet and fixed 
stars must always appear to SchOn like luminous points having no rays. 
He saw the third satellite the best, and the first very plainly when it 
was at the greatest diCTession, but he never saw the second aud the 
fourth alone. When the air was not in a verv favorable condition, the 
satellites appeared to him like faint streaks of light. He never mistook 
■mall fixed stars for satellites, probably on account of the scintillating 
and less constant light of the former. Some years before his death 
SchOn complained to me that his failing eye could no longer distinguish 
Jupiter's satellites, whose position was only indicated, even in clear 
weather, by light faint streaks." These circumstances entirely coin- 
cide witli what has been long known regarding tho relative luster of 
Jupiter's satellites, for the brightness and quality of the light probably 
exert a greater infiuenco than mere distance frain the main planet on 
persons of such groat porfoction and sensibility of vision. SchOii never 
saw tho second nor the fourth satellite. Tho former is the smallest of 
all ; the latter, although the largest after the third and the most remote, 
is periodically obscured by a dark color, and is generally the faintest 
of all the satellites. Of the third and the first, which were best and 
most frequently seen hj the naked eye, the former, which is the largest 
of all, is usually the bnghtest, and of a very decided yellow color ; the 
latter occasionally exceeds in the intensity of its clear yellow light the 
luster of the third, which is also much larger. (Madler, Astr., 1846, 
8. 231-S34, aud 439.) Sturm and Airy, in the Complet liendut, i. xx., 
p. 764-6, show how, undor proper conditions of refraction in the organ 
of vision, remote luin«uou8 poin^a may appear as light streaks. 
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trated in a single point. The impression on the nerves is 
weaker. A very dense starry swarm, in which scarcely any 
of the separate stars helong even to the seventh magnitude, 
may, on the contrary, he visihle to the unaided eye in con* 
sequence of the images of the many difiefent stars crossing 
each other upon the retina, hy which every sensihle point of 
its surface is more powerfully excited, as if hy one concen- 
trated image."* 




fufliBamment 

Die de lamidi _^ „ ^ ^ _, 

YorgenU), la sensation aarait plus de ' force, et l'6toue'se yerrait.' La 
j^remidre classe d'^toiles. invisibles A Poeil nn ne serait plns.alors la sep- 
tidme: poar la trouver, il fimdrait peiit-Atre deiscendre alors jusqu'i la 
126me. ConBid6ron8 an' groupe d'otoiles do 76ino ffrandeur tellomont 
rapprocb6es lesnnes dos autres quo les intervalles 6cuappent necessairo- 
ment k PoBil.^ Si la fntion avaU de la neUeti, si Pimage de chaque 6toile 
6tait trds petite et bien termin6e, Pobservatear operceverait an cbamp 
de lumi^FO dont cbaqae point aarait Piclat eoneetUri d'une 6toile de 
7dme grandear. Uedat eoneetUrS d*une 6toile de 7dme grandeur saffit 
k la vision k Poeil na. Le groape serait dono visiblo & I'ooil na. Di- 
latons maintenant sar la r6tine I'image de cbaqae 6toile du groape ; 
remplaf ons cbaqae point de I'ancienne image g6u6rale par an petit cer> 
cle ; ces cercles empi6teront les ans sar les aatres, et les divers points 
de la ratine se tronveront 6clair6s par de la lumi^re venaut simoltan • 
ment de plasiears 6toiles. Poor pen qu'on y r6fl6chisse, il restera 6vi< 
dent qa' except^ sar les bords de Pimage g6n6ralo, Paire laminease 
ainsi 6clair6e a prdcis6ment, k cause de la superposition dos ceroids, la 
m^me intensity quo dans le cas oi!^ cbaque otoife n'6claire qu'un seal 
point au fond de rooil ; mais si cbacun de ces points revolt une lumidre 
egale on inten8it6 & la lumidro concontr6o d'une 6toilo de 76mo gran- 
deur, il est clair que P^panouissement des images individuelles des 
6toiles contigues ne doit pas emp6cher la visibility de Pensemble. Les 
instruments telescopiques ont, quoiqu'A un beaucoup moindre degr6, le 
d6faut de donner aussi aux ^toiles un diamitre $ensible el faeiice* Avec 
ces instruments, comme k Pooil nu^on doit done anercevoir des groupes, 
compos6s d'6toilos iuf6rieures en intonsit6 A cellos que les mSmes la- 
nettes ou telescopes feraient aporcevoir isol6ment." 

*' Tbe expanded image of a star of tbo seventh magnitude doea not 
cause sufficient vibration of tbe retina, and does not give rise to an ap- 
preciable sensation of li^ht If the image were not expanded (by ai- 
vorgent rays), the sensation would be stronger and the star discernible. 
The lowest masnitude at which stars are visible would not therefore 
be the seventh, out some magnitude as low perhaps as the twelfth de- 
gree. Let us consider a group of stars of the seventh magnitude so 
close to one another that the intervals between them necessarily escape 
the eye. - J[f the tight were very clear, and the image of each star small 
and well defined, the observer would perceive a field of light, each 
point of which would be equal to the concentrated brightneet of a star 
of the seventh magnitude. The concentrated light of a star of the sev« 
enth magnitude is sufficient to be seen by the naked eye. The groups 
therefore, would be visible to the naked eye. Lot us now dilate tli« 
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TelescopoB, alihougli in a much less degree, unfortunately 
also give the stars an incorrect and spurious diameter ; but, 
according to the splendid investigations of Sir William Her- 
schel,* these diameters decrease with the increasing power 
of the instrument. This distinguished observer estimated 
that, at the excessive magnifying power of 6500, tho appar- 
ent diameter of Vega Lyras still amounted to 0''36. In ter- 
restrial objects, the form, no less than the mode of illumina- 
tion, determines the magnitude of the smallest angle of vision 
for the naked eye. Adams very correctly observed that a 
long and slender staff can be seen at a much greater distance 
than a square whose sides are equal to the diameter of the 
staff. A stripe may be distinguished at a greater distance 
than a spot, even when both are of the same diameter. Ara- 
go has made numerous calculations on the influence of form 
Toutliue of the object) by means of angular measurement of 
aistant lightning conductors visible from the Paris Observa- 
tory. The minimum optical visual angle at which terres- 
trial objects can bo recognized by the naked eye has been 
graduaUy estimated lower and lower from the time when 
Eobert Hooke fixed it exactly at a full minute, and Tobias 
Mayer required 34'' to perceive a black speck on white pa- 
per, to the period of Leeuwenhoek's experiments with spi- 
der's threads, which are visible to ordinary sight at an angle 
of 4'''7. In the recent and most accurate experiments of 
Hueck, on the problem of the movement of the crystalline 

image of each star of the groap on the retina, and substitute a smaU 
circle for each point of the former eeneral ima^e ; these circles will 
impinge upon one another, aud the difTerent points of the retina will 
be illumined by light emanating simultaneously from many stars. A 
slight consideration will show, that, excepting at the margins of the 
general imase, the luminous air has, iu consequence of the superposi- 
tion of the circles, the same degree of intensity as in those cases where 
each star illumines only one sinalo point of the retina ; but if each of 
these points bo illumined by u light u<jual in intensity to the concen- 
trated light of a star of the seventh iniignitndo, it is evident that tho 
dilatation of tho individual images of contiguous stars can not prevent 
the visibility of the whole. Telescopic instruments have the defect, 
although in a much less decree, of giving the stars a sensible and spu* 
rious diameter. We therefore perceive with instruments, no less than 
with the naked eye, groups of stars, inferior in intensity to those which 
the same telescopic or natural sight would recognize if they were iso* 
lated." — Arago, m the Annuaire du Bureau det LongUude$ pour Van 
1842, p. 284. 

• Sir William llerschel, in the PhUot. Tramact, for 1803, vol. 93, 
p. %25, aud fur 1805, vol. 94, p. 184. Compare also Arago, in the An 
nuaircpour 1842, p. 3G0-374. 
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kLiatf white linos on a black ground wero seen at an angle 
of 1"'2; a spider's thi^ead at 0"'G ; and a fine glistening 
wire at scarcely 0'''2. This problem does not admit gen- 
erally of a numerical solution, since it entirely depends on 
the form of the objects, their illumination, their contrast with 
the back-ground, and on the motion or rest, and the nature 
of the atmospheric strata in which the observer is placed. 

During my visit at a charming country-scat belonging to 
the Marquess de Selvalegro at Uhillo, not far from Q^uito, 
where the long-extended crests of the volcano of Fichincha 
lay stretched before me at a horizontal distance, trigonomet- 
ricolly determined at more than 90,000 feet, I was much 
struck by the circumstance that the Indians who were stand- 
ing near me distinguished the figure of my traveling com- 
panion Bonpland (who was engaged in an expedition to the 
volcano) as a white point moving on the black basaltic sides 
of the rock, sooner than we could discover him with our tel- 
escopes. The white moving image was soon detected with 
the naked eye both by myself and by my friend the unfor- 
tunate son of the marquess, Oarlos Montufar, who subsequent- 
ly perished in the civil war. Bonpland was enveloped in a 
white cotton mantle, the poncho of the country ; assuming 
the breadth across the shoulders to vary from three to five 
feet, according as the mantle clung to the figure or fluttered 
in the breeze, and judging from the known distance, wo ff»und 
that the angle at which the moving obioo't could bo distinctly 
seen varied from 7" to 12". White objects on a black ground 
are, according to Huook's ropoatod experiments, distinguish- 
ed at a greater distance than black objects on a white ground. 
The light was transmitted in serene weather through rar- 
efied strata of air at an elevation 15,3G0 feet above the 
level of the sea to our station at Chillo, which was itself sit- 
uated at an elevation of 8575 feet. The ascending distance 
was 91,225 feet, or about 174 miles. The barometer and 
thermometer stood at very difierent heights at both stations, 
being probably at the upper one about 17*2 inches and 4 6** '4, 
while at the lower station they were found, by accurate ob- 
servation, to be 22-2 inches and 65°*7. Gauss's heliotrope 
light, which has become so important an element in German 
trigonometrical measurements, has been seen vtrith the naked 
eye reflected from the Brocken on Hohenhagen, at a distance 
of about 227,000 feet, or more than 42 miles, being fre- 
quently visible at points in which the apparent breadth of a 
three-inch mirror was only 0"*43. 
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The visibility of diBtant objects iti modifiei' by the absorp- 
tion of the rays passing from the torrcstriai object to thi* 
naked eye at unequal distances, and through strata of air 
more or less rarefied and more or less saturated with moist- 
ure ; by the degree of intensity of the light diffused by the 
radiation of the particles of air ; and by numerous meteoro- 
logical processes not yet fully explained. It appears from 
the old experiments of the accurate observer Bouguer that 
a difierence of e^^th in the intensity of the light is necessary 
to render objects visible. To use his own expression, we 
only negatively see mountain-tops from which but little light 
is radiated, and which stand out from the vault of heaven in 
the form of dark masses ; their visibility is solely owing to 
the difierence in the thickness of the atmospheric strata ex- 
tending respectively to the object and to the horizon. Strong 
ly-illumined objects, such as snow-clad mountains, white 
chalk clififs, and conical rocks of pumice-stone, are seen pos- 
itively. 

The distance at which high mountain summits may be 
recognized from the sea is not devoid of interest in relation 
to practical navigation, where exact astronomical determina- 
tions are wanting to indicate the ship's place. I have treat- 
ed this subject more at length in another work,* where I 
considered the distance at which the Peak of Tenerifife might 
be seen. 

The question whether stars can be seen by dayhght with 
the naked eye through the shafts of mines, and on very high 
mountains, has been with me a subject of inquiry since my 
early youth. I was aware that Aristotle had maintained! 

• 

* Humboldt, Rilation Hist, du Voyage aux Rigiont Equinox., torn, 
i., p. 92-97; aud Bouguer, Traii6 d'Optique, p. 360 and 365. (Com- 
pare, also, Captain Beechey,in the Manual of SeiaUific Inquiry for the 
Use of the Royal Navy, 1849, p. 71.) 

t The passase in Aristotle referred to by Bnfibn occurs in a work 
where we should have least expected to find it — De Oenerat. Animal., 
v. i., p. 780, Bekker. Literally translated, it runs as follows : ** Keen- 
ness of sieht is as much the power of seeing fur as of accurately distin- 
guishing the diffbrences presented by the objects viewed. These two 
prcperties are not met with in the same individuals. For he who holds 
his band over his eyes, or looks through a tube, is not, on that account, 
more or less able to distinguish differences of color, alUiough he will see 
objects at a greater distance. Hence it arises that persons tj» eaverue 
or eistemt are occasionally enabled to tee ttan." The Grecian 'Oovyfia-' 
ra, and more especially ^piara, are, as an eye-witness. Professor Franz, 
observes, subterranean cistoms or reservoirs which communicate with 
tho light and air by means of a vortical shaft, and widen toward the l)ot« 
torn, uke the neok of a bottlo. Pliny (lib. ii., cap. 14) says, ** AUitiida 
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that stars might oocasionally bo soon from ctvoms and ois* 
terns, as through tubes. Tiiny alhides to the same ciroum« 
stance, and mentions the stars that have been most distinctly 
recognized during solar eclipses. . While practically engaged 
in mining operations, I was in the habit, during many years, 
of passing a great portion of the day in mines where I could 
see the sky through deep shafts, yet I never was able to ob- 
serve a star; nor did I ever meet with any individual in 
the Mexican, Peruvian, or Siberian mines yrho had heard of 
stars having been seen by daylight ; although in the many 
latitudes, in both hemispheres, in which I have visited deep 
mines, a sufficiently large number of stars must have passed 
the zenith to have afforded a favorable opportunity for their 
being seen. Considering this negative evidence, I am the 
more struck by the highly credible testimony of a celebrated 
optician, who in his youth saw stars by daylight through the 
shaft of a chimney.* Phenomena, whose manifestation de- 
pends on the accidental concurrence of favoring circum- 
stances, ought not to be disbelieved on account of their 
rarity 

The same principle must, I think, bo applied to the asser- 
tion of the profound investigator Saussure, that stars have 
been Seen with the naked eye in bright daylight, on the de- 
clivity of Mont Blanc, and at an elevation of 12,757 feet 
'* Q.uolqucs-uns dos guides m'ont as8ur6 avoir vu dcs 6toilos 
on plein jour ; pour moi je n*y songoais pas, on sorto que jo 
n*ai point 6t6 lo t6moin de ce ph6nomene ; mais Vassertion 
uniforme des guides ne me luisse aucun daute sur la ria- 
lit6, II faut d'aiUeuris ^tre entierement a Tombre d'une 6pais- 
seur consid6rable, sans quoi Pair trop fortement 6clair6 fait 
evanouir la faible clart6 des 6toiles." ** Several of the guides 
assured me,'' says this distinguished Alpino inquirer, ** that 

cogit iqinoroB videri Stellas ; affixas cgoIo solis fulgor intordiu non cerni, 
qaam icquo ao iioctu luceant ; idquo manirestam fiat defeetu tolUetpnt' 
aUit puteu," Cleomedes ( Cyel, Theor., p. 83, Bake) does not speak of 
Stan seen by day, bat asserts ** that the san, when ooserved from deep 
cisterns, appears larger, on account of the darkness and tho damp air." 
* ** We have ourselves heard it stated by a celebrated optician that 
tho earliest circumstance which drew, his attention to astronomy was 
the regular appearance, at a certain hour, for several successive days, 
of a considerable star, through the shaft of a chimney." — John Hersohel, 
Ontlinet of A»lr,, $ 61. Tne chimnoy-sweopers whom I have ques- 
tioned agree tolerably well in tho statement that '' they have never seen 
stars by day, but that, when observed at night, through deep shafU, the 
sky appeared quite near, and the stars larger." I will not enter upon 
any discuiwion regarding tho connection between theso two illusions. 

C 2 
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they had Bcen Btara at broad daylight : not haying myself 
been a witness of this phenomenon, I did not pay much at- 
tention to it, but the unanimous assertions of the guides left 
me no doubt of its reality.* It is essential, however, that 
the observer should be placed entirely in the shade, and that 
he should even have a thick and massive shade above his 
head, since the stronger light of the air would otherwise dis- 
perse the faint image of the stars." These conditions are 
therefore nearly the same as those presented by the cisterns 
of the ancients, and the chimneys above referred to. I do 
not find this remarkable statement (made on the morning of 
the 2d of August, 1787) in any other description of the Swiss 
mountains. Two weu-informed, admirable observers, the 
brothers Hermann and Adolph Schlagcntwoit, who have re- 
cently explored the eastern Alps as far as the summit of the 
Gross Glockner (13,016 feet), were never able to see stars 
by daylight, nor could they hear any report of such a phe- 
nomenon having been observed among the goatherds and 
oliainois-huutors. Although I passed many years in the 
Oordilloras of Mexico, Cluito, and Peru, and frequently in 
clear weather ascended, in company with Bonpland, to ele- 
vations of more than fifteen or sixteen thousand feet above 
the level of the sea, I never could distinguish stars by day- 
light, nor was my friend Boussingault more successful in his 
subsequent expeditions ; yet the heavens were of an azure so 
intensely deep, that a cyanometer (made by Paul of Geneva) 
which had stood at 39^ when observed by Saussure on Mont 
Blanc, indicated 46*^ in the zenith under the tropics at ele- 
vations varying between 17,000 and 19,000 feet.f Under 
the serene etherially-pure sky of Oumana, in the plains near 
the sea-shore, I have frequently been able, after observing an 
eclipse of Jupiter's satellites, to find the planet again with 
the naked eye, and have most distinctly seen it when the 
6un*s disk was from 18° to 20° above the horizon. 

The present would seem a fitting place to notice, although 
oursorily, another optical phenomenon, which I only observed 
once during my numerous mountain ascents. Before sunrise, 
on the 22d of June, 1799, when at Malpays, on the decliv- 
ity of the Peak of Tenerifie, at an elevation of about 11,400 
feet above the sea's level, I observed with the naked eye 

* OoDiult Saussuro, Voyage dan* let Alpet (Neuchatel, 1779, 4to), 
torn, iv., i 2007, p. 19 J. 

t Humboldt, Ettai tur la O4ographie det Plantcif p. 103. Oomparo 
alio my Voy, attx Pigiont Equinox, torn, i., p. 143, 248. 
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ears near the horizon flickering with a singular oscillating 
motion. Luminous points ascended, moved lateralli/, and 
f»li back to their former position. This phenomenon lasted 
only from seven to eight minutes, and ceased long before the 
sun's disk appeared above the horizon of the sea. The same 
motion was discernible through a telescope, and there was 
no doubt that it was the stars themselves which moved.*' 
Did this change of position depend on the much-contested 
phenomenon oi' lateral radiation? Does the undulation of 
the rising sun's disk, however inconsiderable it may Q'ppoar 
when measured, present any analogy to this phenomenon in 
the lateral alteration of the sun's margin? Independently 
of such a consideration, this motion seems greater near the 
horizon. This phenomenon of the undulation of the stars 
was observed almost half a century later at the same spot 
by a well-informed and observing traveler, Prince Adalbert 
of Prussia, who saw it both with the naked eye and through 
a telescope. I found the observation recorded in the prince's 
manuscript journal, where he had noted it down, before he 
learned, on his return from the Amazon, that I had wit- 
nessed a precisely similar phenomenon.! I was never able 
to detect any trace of lateral refraction on the declivities 
of the Andes, or during the frequent mirages in the torrid 
plains or llanos of South America, notwithstanding the het- 
erogeneous mixture of unequally-heated atmospheric strata. 
As the Peak of Tonorillb is so near us, and is so frequently 

* Humboldt, in Fr. von Zach'a Monatlieke Corretpofulenz xur Erdr 
wtd Himmelt'Kunde, bd. i., 1800, 8. 396; also Voy. aum Rig, Equin», 
torn, i., p. 125 : "On croyait voir do petites fu86e8 Ianc6e8 dans Pair. 
Des points lumineux <^lev6s de 7^8 degr6B, paraissent d'abord so moa- 
voir dans le sens yertical, mais pais se convertir en une veritable oscil- 
lation horizontalo. Ges images lumineax 6taiont dos images de pla* 
sienrs 6toileB agrandios (en npparonce^ par dos vapeurs et revenant aa 
mdmo point d'ou elles 6taiout partis." ** It seemed as if a number of 
■mall rockets were being projected in the air; luminous points, at an 
elevation of 7^ or 8^, amioared moving, first in a vertical, and Uien o«* 
cillating in a horizontal direction. These were the images of many 
stars, ap^ently magnified by vapors, and returning to the same point 
from wnich they haa emanated." 

t Prince Adalbert of Prussia, Aut mdnem Tagebuehet 1847, s. 213. 
Is the phenomenon I have described connected with the oscillations 
of 10''- 12", observed by Garlini, in the passage of tlie polar star over 
the field of the great Milan meridian telescope T (See Zach's Corru* 
nondanee Atironomique et Giog.y vol. ii., 1819, p. 84.) Brandes (Geh- 
tar's Umgearb. Pkyt, Worterdt., bd. iv., s. 549S refers the phenomenon 
to mirage. The star-like heliotrope light has also frequently been seen, 
by the admirable and skillful observer. Colonel Baeyer, to oscillate to 
and fro in a horizontal direction. 
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aioended before Bunrise by scientific travelers provided with 
instruments, I would hope that this reiterated invitation on 
my part to the observation of tlie undulation of ilie start 
may not be wholly disregarded. 

I have already called attention to the fact that the basis 
of a very important part of the astronomy of our planetary 
system was already laid before the memorable years 1608 
and 1610, and therefore before the great epoch of the in- 
vention of telescopic vision, and its application to astronom- 
ical purposes. The treasure transmitted by the learning of 
the Greeks and Arabs was augmented by the careful and 

Sersevering labors of George Furbach, Regiomontanus («. «., 
ohann Miiller), and Bemhard Walther of Niimberg. To 
their efforts succeeded a bold and glorious development of 
thought — ^the Oopernican system ; this, again, was followed 
by the rich treasures derived from the exact observations of 
Tycho Brahe, and the combined acumen and persevering 
spirit of calculation of Kepler. Two great mou, Kepler and 
Galileo, occupy the most important turning-point in the his- 
tory of measuring astronomy ; both indicating the epoch that 
separates observation by the naked eye, though aided by 
greatly improved instruments of measurement, from tele- 
scopic vision, Galileo was at that period forty-four, and 
Kepler thirty-seven years of age ; Tycho Brahe, the most 
exact of the measuring astronomers of that great age, had 
been dead seven years. I have already mentioned, in a pre- 
ceding volume of this work ^see vol. ii., p. 328), that none of 
Kepler's cotemporaries, Galileo not excepted, bestowed any 
adequate praise on the discovery of the three laws which 
have immortalized his name. Discovered by purely empir- 
ical methods, although more rich in results to the whole do- 
main of science than the isolated discovery of unseen cos- 
mioal bodies, these laws belong entirely to the period of nat' 
ural visio7tt to the epoch of Tycho Bruhe and his observa- 
tions, although the printing of the work entitled Astronbmia 
nova seu IVi/ysica ccdcstis de motibus Stcllce Martis was 
not completed until 1609, and the third law, that the squares 
of the periodic times of revolution of two planets are as the 
cubes of their mean distances, was first fully developed in 
1619, in the Hdrmonice Mundi. 

The transition from natural to telescopic vision which 
oharactorizes the first ten years ^of the seventeenth century 
was more important to astronomy (the knowledge of the re- 
gions of space) than the year 1492 (that of the discoveries 
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of Columbus) in respect to our knowledge of teirestrial space. 
It not ouly inriiiitcly extended our insight into creation, but 
also, besides enriching the sphere of human ideas, raised 
mathematical science to a previously miattained splendor, 
by the exposition of new and complicated problems. Thus 
the increased power of the organs of perception reacts on ' 
the world of thought, to the strengthening of intellectual 
force, and the ennoblement of humanitv. To the telescope 
alone we owe the discovery, in loss than two and a lialf 
centuries, of thirteen now planets, of four satollito-systoms 
(the four moons of Jupiter, eight satellites of Saturn, four, 
or perhaps six of Uranus, and one of Neptune), of the sun's 
spots and facules, the phases of Venus, the form and height 
of the lunar mountains, the wintery polar zones of Mars, the 
belts of Jupiter and Saturn, the rings of the latter, the inte- 
rior planetary comets of short periods of revolution, together 
with many other phenomena which likevirise escape the na- 
ked eye. While our own solar system, which so long seemed 
limited to six planets and one moon, has been enriched in 
the space of 240 years with the discoveries to which we 
have alluded, our knowledge regarding successive strata of 
the region of the fixed stars has unexpectedly been still more 
increased. Thousands of nebules, stellar swarms, and double 
stars, have been observed. The changing position of the 
double stars which rovolvo round one common center of 
gravity has proved, like the proper motion of all fixed starb, 
that forces of gravitation are operating in those distant re- 
gions of space, as in our own limited mutually-disturbing 
planetary spheres. Since Morin and Oascoigne (not indeed 
till twenty-five or thirty years after the invention of the tel- 
escope) combined optical arrangements with measuring in- 
struments, wo hft.vo been enabled to obtain more accurate 
observations of the change of position of the stars. By this 
means we are enabled to calculate, with the greatest pre- 
cision, every change in the position of the planetary bodies, 
the ellipses of aberration of the fixed stars and their paral- 
laxes, and to measure the relative distances of the double 
stai^ even when amounting to only a few tenths of a sec* 
onds-arc. The astronomical knowledge of the solar system 
luis gradually extended to that of a system of the universe. \ 
We know that Galileo made his discoveries of Jupiter's 
iatellitos with an instrument that magnified only seven diam- 
eters, and that he never could have used one of a higher 
power than thirty-two. One hundred and seventy years later. 
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we find Sir William Herschel, in his investigations on thd 
magnitude of the apparent diameters of Aroturus (0'''2 within 
the nebula) and of Vega Lyne, using a power of 6500. Since 
the middle of the seventeenth century, constant attempts 
have been made to increase the focal length of the telescope. 
Christian Huygeni, indeed, in 1655, discovered the first sat- 
ellite of Saturn, Titan (the sixth in distance from the center 
of the planet), with a twelve-feet telescope ; he subsequent- 
ly, however, examined the heavenii with instruments of a 
greater focal length, even of 122 feet ; but the three object* 
glasses in the possession of the Hoyal Society of London, 
whose focal lengths are respectively 123, 170, and 210 feet, 
and which were constructed by Constantin Huygens, brother 
of the great astronomer, were only tested by the latter, as 
he expressly states,* upon terrestrial objects. Auzout, who 
in 1663 constructed colossal telescopes without tubes, and 
therefore without a solid connection between the object-glass 
and the eye-piece, completed an object-glass, which, with a 
focal length of 320 foot, magnified 600 times.f The most 
useful application of these object-glasses, mounted on poles, 
was that which led Dominic Cassini, between the years 1671 
and 1684, to the successive discoveries of the eighth, fifth, 
fourth, and third satellites of Saturn. He made use of ob- 
ject-glasses that had been ground by Borelli, Oampani, and 
Hartsoeker. Those of the latter had a focal length of 266 
feet. 

During the many years I passed at the Paris Observatory, 
I frequently had in my hands the instruments made by Cam- 
pani, which were in such great repute during the reign of 
Louis XIY . ; and when we consider the faint light of Satum'b 
satellites, and the difficulty of managing instruments, worked 
by strings only,( we can not sufficiently admire the skill and 
the untiring perseverance of the observer. 

* Tbo romorkablo ortiatical skill of ConBtautiu Huygens, who was 
private secretary to King Williuin the Third, has only recently been 
presented in its proper light by Uytenbrock in the ** Oratio do fratribns 
ChristianoatquoOonstantino Ilugenio, ortis dioptricas cultoribus/' 1838; 
and by Frof. Kaiser, the learned director of the Observatory at Leydeu 
(in Schumacher's Attran. Naehr., No. 593, w. 246). 

t See Arago, in the Annuaire pour 1844, p. 381. 

i " Nous avons plac6 ces grands verres, tantdt sur un grand mkt, tan- 
tdt sur la tour de bois venue de Marly ; enfin nous les avons mis dans 
un tuynu mont6 sur un support en forme d'dchelle & trois faces, ce qui 
a eu fdans la d6couverto des satellites de Saturne) le succ6s quo nous 
en avions esu6r6." ** We sometimes mounted those great instruments 
on a high pole," says Dominique Cassini, ** and sometimes on the wood- 
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The advantages which wore at that period supposed to 
be obtainable only by gigantic length, led great minds, as is 
frequently the case, to extravagant expectations. Auzout 
considered it necessary to refute Hooke, who is said to have 
proposed the use of telescopes having a length of upward of 
10,000 feet (or nearly two miles),* in order to see animals 
in the moon. A sense of the practical inconvenience of op- 
tical instruments having a focal length of more than a hund-^ 
red feet, led, through the influence of Newton (in following 
out the earlier attempts of Mersenne and James Gregory of 
Aberdeen), to the adoption, especially in England, of shorter 
reflecting telescopes. The careful comparison made by Brad- 
ley and Fond, of Hadley's five-feet reflecting telescopes, with 
the refractor constructed by Const antin Huygens (which 
had, as already observed, a focal length of 123 feet), fully 
demonstrated the superiority of the former. Short's expens- 
ive reflectors were now generally employed until 1759, when 
John DoUond's successful practical solution of the problem 
of achromatism, to which he had been incited by Leonhard 
Euler and Klingenstierna, again gave preponderance to re- 
fracting instruments. The right of priority, which appears 
to have incontestably belonged to the mysterious Chester 
More, Esq., of More Hall, in Essex (1729), was first made 
known to the public when John Dollond obtained a patent 
for his achromatic tcloscopcs.f 

The triumph obtained by refracting instruments was not, 
however, of long duration. In eighteen or twenty years after 
the construction of achromatic instruments by Jolui Dollond, 
by the combination of crown with flint glass, new fluctua- 

on tower that had been broaght from Marly ; and we also placed them 
in a tube mounted on a three-sided ladder, a method which, in the dis- 
coveiv of the satellites of Saturn, gaVe us all the success we had hoped.'* 
— Defambre, Hut. de VAair, Modeme, torn, ii., p. 785. Optical instru- 
ments havins such enormous focal lengths remind us of the Arabian in- 
struments oimoasureraent — quadrants with a radius of about 190 feet, 
upon whose graduated limb the image of the sun was received as in the 
gnomon, through a small round aperture. Such a auadrant was erect- 
ed at Samarcand, probably constructed after the moael of the older sex- 
tants of Al-Ohokandi (which were about 60 feet in hoightJ|. Compare 
S^illot, Proligominet det Tablet d^Oloug-Beg, 1847, p. Ivii. and cxxjX, 

* See Delambre, Hist, de VAttr. Mod., t. ii., p. 594. The mystic 
Capuchin monk, Schyrle von Rheita, who, however, was well versed 
in optics, had already spoken in his work, Ocubtt Knock el £^t0(Antv., 
1645), of the speedy practicability of coustructiiig telescopes that should 
magnify 4000 times, by means of which the lunar mountains might ba 
accurately laid down. Compare also Cotmo$ vol. ii., p. 323 (note). 

t Edinb. Encyclopedia, vol. xx., p. 479. 
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lions of opinion were excited by the just admiration award* 
ed, both at home and abroad, to the immortal labors of a 
German, William Horschol. The construction of numerous 
seven-feet and twenty-feet telescopes, to which powers of 
from 2200 to 6000 could be applied, was followed by that of 
his forty-feet reflector. By this instrument he discovered, in 
August and September, 1789, the two innermost sat.)llites 
of Saturn — Enceladus, the second in order, and, soon after- 
ward, Mimas, the first, or the one nearest to the ring. The 
discovery of the planet Uranus in 1781 was made with 
HerscheVs seven-fcot telescope, while the faint satellites of 
this planet wore first observed by him in 1787, with a twen- 
tjr-feet "front view** reflector.* The perfection, unattained 
till then, which this groat man gave to his reflecting tele- 
scopes, in which light was only once reflected, led, by the 
uninterrupted labor of more than forty years, to the most 
important extension of all departments of physical astron- 
omy in the planetary spheres, no less than in the world of 
nebuliB and double stars. 

The long predominance of reflectors wks followed, in the 
earlier part of the nineteenth century, by a successful emu- 
lation in the construction of achromatic refractors^ and heti- 
ometers, paralactically moved by clock-work. A homoge- 
neous, perfectly smooth flint glass, for the construction of 
object-glasses of extraordinary magnitude, was manufactured 
in the institutions of Utzschneider and Fraunhofer at Mu- 
nich, and subsequently in those of Merz and Mahler ; and in 
the establishments of Guinand and Bontems ^conducted for 
MM.Lerebours and Oauchoix) in Switzerland and Franco. 
It will be sufliciQnt in this historical sketch to mention, by 
way of example, the large refractors made under Fraunho- 
fer's directions for the Observatories of Dorpat and Berlin, 
in which the clear aperture was 9*6 inches in diameter, with 
a focal length of 14*2 foot, and those executed by Merz and 
Mahler for the Observatories of Pulkowa and Cambridge, in 
the United States of America ;t they are bolh adjusted with 

* Consult btruve, Etudes d^Aslr. SUllaire, 1847, note 59, p. 24. I 
have retained the designations of forty, twenty, and seven-feet Herschel 
reflecting telescopes^ although in other parts of the work (the original 
German) I have usal French measurements. I have adopted these 
designations not merely on account of their greater convenience, but 
also because they have acquired historical celebrity from the important 
labors both of the elder and younger Herschel in England, and of the 
latter at Feldhausen, at the Cape of Good Hope. 

t See Schumacher's Astr. Nachr., No. 371 and 611. Caachoix and 
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object-glasses of 15 inches in diameter, and a focal length 
of 22*5 feet. The helioraeter at the Konigsberg Observa- 
tory, which continued for a long time to be the largest in 
existehce, has an aperture of 6*4 inches in diameter. This 
instrument has been rendered celebrated by the memorable 
labors of Bessel. The well-illuminated and short dyalitic 
refractors, which were first executed by Flosl in Vienna, 
and tho advantages of which woro almost simultaneously 
recognized by Rogers in England, arc of sufficient morit to 
warrant their construction on a largo scalo. 

During this period, to tho eflbrts of which I have refer- 
red, because they exercised so essential an influence on the 
extension of cosmical views, the improvements' made in in- 
struments of measurement (zenith sectors, meridian circles, 
and micromotors) woro as marked in respect to mechanics as 
they were to optics and to the measurement of time. Among 
the many names distinguished in modem times in relation 
to instruments of measurement, we will here only mention 
those of Ramsden, Troughton, Fortin, Reichenbach, Gam- 
b-'j, Ertel, Steinheil, Repsold, Fistor, and Oertling ; in rela- 
tion to chronometers and astronomical pendulum docks,, we 
may instance Mudge, Arnold, Emery, Eamshaw, Breguet, 
Jurgensen, Kessels, Winnerl, and Tiede ; while the noble la- 
bors of William and John Herschel, South, Stnive, Bessel, 
and Dawes, in relation to the distances and periodic motions 
of the double stars, specially manifest the simultaneous per- 
fection acquired in exact vision and measurement. Struve's 
classification of tho double stars gives about 100 for the num- 
ber whose distance from one another is below 1", and 336 
for those between 1" and 2'' ; the measurement in every case 
being several times repeated.* 

During the last few years, two men, unconnected with 
any industrial profession — tho Earl of Rosso, at Parson's 
Town (about fifty miles west of Dublin), and Mr. Lassoll, at 
Starfield, near Liverpool, have, with the most unbounded 
liberality, inspired with a noble enthusiasm for the cause of 
science, constructed under their own immediate superintend- 
ence two reflectors, which have raised the hopes of astron- 
omers to the highest degree.f Lassell's telesoope, which has 

Lerebonra have also constructed object-glasses of more than 13*3 inches 
in diameter, and nearly 25 feet focal length. 

* Struve, BteUarufn duplieium el muUiplicium Meiuurm Mierometricm, 
p. 2, 41. 

t Mr. Airy has recently given a comparative description of the meth* 
ods of constmcting these two telescopes, including an account of tho 
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an aperture only two foot in diameter, with a focal length 
of twenty feet, has already heen the means of discovering 
one sateliiie of Neptune, and an eighth of Saturn, besides 
which two satellites of Uranus have been again distinguish- 
ed. The new colossal telescope of Lord Rosse has an aper- 
ture of six feet, and is fifty-three feet in length. It is mount- 
ed in the meridian between two walls, distant twelve feet 
on either side from the tube, and from forty-eight to fifty-six 
feet in height. Many nebulas, which had been irresolvable 
by any previous instruments, have been resolved into stellar 
swarms by this noble telescope ; while the forms of other 
nebulso have now, for the first time, been recognized in their 
true outlines. A marvelous effulgence is poured forth from 
the speculum. 

The idea of observing the stars by daylight with a tele- 
scope first occurred to Morin, who, with Gascoigne (about 
1638, before Ficard and Auzout), combined instruments of 
measurement with the telescope. Morin himself says,* ** It 
was not Tycho's groat observations in refcrouoe to the posi- 
tion of the fixed stars, when, in 1582, twenty-eight years 
before the invention of the telescope, he was led to compare 
Venus by day with the sun, and by night with the stars," 
but " the simple idea that Arcturus and other fixed stars 
might, like Venus, when once they had been fixed in the 
field of the telescope before sunrise, be followed through the 
heavens after the sun had risen, that led him to a discovery 
which might prove of importance for the determination of 
longitude at sea." No one was able before him to distin- 
guish the fixed stars in the presence of the sun. Since the 

mixing of the metal, the contriyanceB adopted for caBting and polishing 
the specula and mounting the instruments. — Abslr. of the Astr. Soc.f 
vol. ix., No. 5, March, 1849. The effect of Lord Rosse's six feet metal- 
lie reflector is thus referred to (p. 120) : ** The astronomer royal, Mr. 
Airy, uUudotl to the impression made by the enormous light of tho teU 
oscojio; i)artly by tho modifications produced iu tho appearances of 
nehuiu) alromfy figured, partly by tho groat number uf stars soon oven 
ttt u distance troui the Milky Way, and partly from tho prodigious brill- 
iancy o(8iaturn» The account given by another astronomer of tho a|)- 
pearance of Jupiter was, that it resemoled a coach-lamp in the tele- 
scope; and this well expresses the blaze of light which is seen in the 
instrument." Compare also Sir John Herschel, Outl. of Astr., $ 870. 
** The sublimity of the spectacle afforded by the magnificent reflecting 
telescope constructed by Lord Rosse of some of the larger globular clus- 
ters of nebulffl, is declared by all who have witnessed it to be such as 
no words can express. This telescope has resolved or rendered resoly* 
able multitudes of nebul® which had resisted all inferior powers." 
* Delambre, Hist, de VAstron. Modeme, t. ii., p. 255. 
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employment, by Eoiucr, of great meridian telescopes in 1691, 
observations of tho stars by day havo been frequent and fruit- 
ful in results, having been, in some cases, advantageously 
applied to the measurement of the double stars. Struve 
states*' that he has determined the smallest distances of ex- 
tremely faint stars in the Dorpat refractor, with a power of 
only 320, in so bright a crepuscular light that ho could read 
with case at midnight. The polar star has a companion of 
tho ninth magnitude, which is situated at only 18" distance : 
it was seen by day in tho Dorpat refracting telescope by 
Struve and Wrangel,! and was m like manner observed on 
one occasion by Encke and Argelander. 

Many conjectures have been hazarded regarding the cause 
of the great power of the telescope at a time when the dif- 
fused light of the atmosphere, by multiplied reflection, ex- 
erts an obstructing action 4 This question, considered as an 

* Struve, Ment, Mierom.f p. xliv. 

t Schumacher's Jakrbttehf&r 1839, s. 100. 

t La lumiire aimo$phirique d\ffu»e ne peut t'expliquer par le reflet 
des rayons solaires sor la surface de separation des couches de diff^ren- 
tes deusit6s dont on suppose Tatmosphdre compos^e. En efiet. suppo- 
sons le Boloil plac6 a I'horizon, les surfaces de s6paration dans la direc- 
tion du zenith seraient horizontales, par cons6quent la r6flexion serait 
borizontale aussi, et nous ne verrions aucune lumidre au z6nith. Dans 
la supposition des conches, nuoun rayon no nous arriverait par voio 
d'une proini^ro reflexion. Co no sorniont nuo los r6noxiont tiiultiplos 
aui pourraient agnr. Done pour expliquer la lumidre diffuse, il faut so 
nguror Tatmosnlicre com^s6e do mo16cnles (sph6riques, par exemple) 
dont chncuno uonuo uno imngo da ioloil \ pen pr6B comme los tioulcs 
do verres que nous plaf ons dans nos jardins. L'air pur est bleu, par* 
coquo d'aprds Nowton, les nio16cule8 de Fair ont VipaUttur qui convi- 
ent A la r6floxion des rayons bleus. II ost done naturel que los petites 
images du soleil que de tons cdt6s r6fl6chissent les mol6cules sphd- 
riques de Pair et qui sont la lumidre diffuse aieut une teiuto blcue : 
mais CO bleu n'est pas du bleu pur, c'est uu blanc dans lequel le bleu 
pr6domine. Lorsque le ciel n'est pas dans touto sa purol^ et que Pair 
est mM do vapours visiblos, la lumi6ro diffuse recoit beaucoup de 
blanc. Oomme la lune ost jaune, lo bleu de Uair pendant la nnit est un 
pen verd&tre, c*eBt-&-dire, m^lang^ de bleu et de jaune.'' 

** We can not explain the diffusion of atmospherie light by the reflec- 
tion of solar rays on the surface of separation of the strata of different 
density, of which we suppose the atmosphere to be composed. In fact, 
if we suppose the sun to be situated on the horizon, the surfaces of sep- 
aration in the direction of the zenith will be horizontal, and consequent- 
ly the reflection would likewise be horizontal, and we should not be 
able to see any light at the zenith. On the supposition that such strata 
exist, DO ray would roach us by means of direct reflection. Repeated 
reflections would be necessary to proiluco any effect. In order, there- 
fore, to explain the phenomenon of d^fftksed tiffht, wo must suppose the 
atmosplioro to bo comimsed of moleculos (of a spherical form, for iu 
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optical problem, excited the Btrongcst interest in the mind of 
Bessel, whoso too early death was so unfortunate for the 
cause of science. In his long correspondence with myself, he 
frequently reverted to this subject, admitting that he could 
not arrive at any satisfactory solution. I feel confident it 
will not be unwelcome to my readers if I subjoin, in the 
form of a nolo, some of the opinions of Arago,* as expressed 

itanco), each of which proaento an image of the ran fomewhat in the 
fame manner as an ordmary glass ball. Pure air ia blue, because, aiv 
cording to Newton, the molecules of the air have the thickness necea 
sary to reflect blue rays. . It is therefore natural that the small imases of 
the sun, reflected by the spherical molecules of the atmosphere, snonld 
present a bluish tinge ; this color is not, however, pure blue, but white, 
in which the blue predominates.' When the sky is not porifectly pure 
and the atncosphere is blended with perceptible vapors, the diffused 
light is mixed with a large proportion or white. As the moon is yellow, 
the blue of the air assumes somewhat of a greenish tinge by night, or, 
in other words, becomes blended with yellow." — M8S» of 1Si7, 

* D'vn de* EffcU de$ LuneUe* *ur la ViiibUiU det itoUe; {LeUre da 
JHf, Arago a M. de Humboldt en Die, 1847.) 

** L'ceil n'est dou6 que d'une sensibility circonscrito, bomde. Quand 
la lumi^re qui frappe la r6tino, n'a pas assez d'intensit^, VaniX ne sent 
rien. C'est par un manaue d'intensit^ que beaucoup d'iioiles, indme 
dans les units lesplusprotondes ^chappeut 4 nos observations. Les lu- 
nettes out pour efiet, quant aux itoilts, d'augmenter Piutensit^ de Pimage. 
Lo faisceau cylindrique de rayons parallcles venant d*uno ^toile, qui 
B*appuie sur la surface de la leutille objective, et qui a cette surface cir- 
culaire pour base, se trouve consid6rablement resserr^ k la sortie de la 
leutille oculairo. Le diam^tre du premier cylindre est au diamdtre 
du second, comme la distance focale de Tobjectif est d la distance fo- 
(Sale de Poculaire, on bien comme le diamdtre de Pobjectif est au dia- 
mdtre de la portion d^oculaire qu*occupe le faisceau Emergent Les in- 
tensit6s de lumi6ro dims les deux cylindres en question (dans les doux 
cylindros, incident et 6morgeut) doivent hire entr'elles comme les ^tcii- 
dues superficielles d es bases. Ainsi la lumi^re 6mergente sera plus con- 
dens^e, j^us interne que la lumidre naturelle tombant sur I'objectif, dans 
le rapport do la surface de cet objectif 4 la surface circulaire de la base 
du faisceau 6mergent I«e faisceau imergent, ^uand la lunette grosntt 
6tant plus dtroit que le faisceau cylindrique qui tombo sur I'objectif, il 
est 6vident que la pupille, quelle que soit son coverture, recueillora plus 
de rayons par Tinterm^diaire do la lunette que sans elle. La lunette 
augmentera done toujours I'intonsit^ de la lumidre des itoUee. 

** Le cas le plue favorable f quant d I'effet des lunettes, est ^vidomment 
celui oik roBil revolt la totality du fitisceau Emergent, le cas od ce fais- 
ceau a moins de diamdtre que la pupille. Alors toute la lumiire que 




de la pupille d^coupe dans le faisceau incident naturel. L'iutensit^ do 
l*image t61escopique d'une 6toile est done & I'intensitd de I'image k 
VobII nu, comme la eurfaee de V objectif est a celle de la pupille. 

** Ce qui pr^c^de est relatif k la visibUit6 d'un seul point, d'uno seulo 
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in ono of tho Aumorous manuBoripts \o ivhich I was permit- 
ted free occesB during my frequent sojourn in Paris. Ao- 

^toile. Venous 4 robservation d'un obj6t ayant des dimenBions an 
galair«w sensibles, k I'obBervation d'une pUnUte, Dans les cas les plus 
ravorablesy o'estpi-dire lonque la pupille re^oit la totality du pincean 
6mergeuty I'inteiisit^ de Fimage de chaque point de la plandte se caloa- 
lera par la proportion que nous Tenons de donner. La quantitd tetaie 
de lutmire concourant a former V ensemble de Timage k i'ccil nu, sera 
done aussi k la qitaniUi Male de lumiire qui forme Pimage de la pla- 
n^te k Taide d'une lunette, comme la surface do la pupillo ost k la sur- 
face de Fobiectif. Les intensit^s comparatives, non plus de pointe 
Isolds, mais des deux images d*une nlaudte, qui se ferment snr la ratine 
k I'oeil nu, et par Vinterm^iaire a'une lunette, doiYont 6videmment 
diminuer proportionnellement auz ilenduee euperJieieUes de ces deux im« 
ages. Les dimensions liniMres des deux images sent entr'elles comme 
le diamdtre de Fobjectif est au diam^tre du faisceau Emergent. Le 
nonibre de fois que la eurface de Vimage amplifide surpasse fa surfaee 
de rimago k Toeil nu, s'obtiendra done eta divisant le carrd du diamitre 
do Vobjeclif^r le carrd du diamdtre dufaitceau imergetU^ ou bien la «r/r- 
face de Vobjeetifpar la eurface de la base eirevlaire du faisceau Emergent. 

** Nous avons d6j& obtenu le rapport des quantiiSs Males de lunUire 
(lui engendreut les deux images tTune planite, en divisant la surface de 
1 objectif jpar la surfaee de la pupille, Oe nombro est pins petit que lo 
quotient auquel ou arrive on divisant la surfaee de Poljeetir ftar la sur» 
face du faisceau Emergent. II on rdsulto, quant aux nianctos, qu'une 
lunette iait moins gagner en intensitd de luuiidre, qu'ello no fait pordre 
en agrandisscuit la surface des images sur la rfetine ; I'intensit^ de ces 
images doit done aller continuellement en s'afiaiblissant k mesure que 
le pouvoiramplificatif de la lunette ou du tdlescope s'accroit. 

" L'atraosplidre pent dtre consider6e comme une plandte k dimen- 
sions inddfintes. La portion qu*on en verra dans une lunette, subira 
done aussi la loi d'aflfuiblissement que nous yenons d*indiquer. Le rap* 
port entre I'iiitensitd de la lumidre d*une planite et le champ de lumi6re 
atmosphdrique k travers lequel on la verra, sera le mftme k I'oeil nu et 
dans les lunettes de tons les grossissements, de toutes les dimensions. 
Les lunettes, §ofis le rapport de IHntensiti, ne favorisent done pas la visi- 
bility des planites. 

** II n'en est point ainsi des iUnies, LMntensitd de Timage d*une dtoile 
est plus forte aveo une lunette qn'& Tosil nu ; au contraire, le champ de 
la vision, uniform6ment dc1air6 dans les deux cas par la lumidre atmos- 
phdrique, est plus clair k I'oBil nu que dons la lunette. II 7 a done deux 
raisons, sans sortir des considerations d*intensitd, pour que dans une lu- 
nette de I'image de l'6toile pr6domine sur celle ue Patmosphdre, nota- 
blement plus qu'& Pccil nu. 

** Cette pr6dominance doit allcr grnduelloment on augmcntnnt nvec 
le grossissement. En efiet, abstraction faito de ccrtaino augmontatiou 
du diamdtre de I'dtoile, consequence de divers efiets de dijfraetion ou 
d^interfirenees, abstraction faite aussi d'une plus forte reflexion que la 
lumidre subit sur les surfaces plus obliques des oculaires de trds courts 
foyers, ViniensitS de la lumiire de Vitoile est eonstante tant que I'ouver- 
ture de Vobjoctif ne vnrio pas. Oomme on I'n vu, la elarti du champ 
de la lunette, au contraire, diminne sans eesse k mesure quo le pouvoir 
amplilicatif s'aocroit. Done toutes autres circonstances restant dgales, 
une dtoile sera d'autant pVxi visible, sa pr6doniinonce sur la lumiire d« 
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cording to the ingenious explanation of my friend, high mag* 
nifying powers facilitate the discovery and recognition of the 

champ du t6loscope sora d'aatout plai tnuioh6e qu'on funi Ufage d'no 
grofaiaiemont plus fort." 

** The eye \$ endowed with only a limited sensibility ; for when the 
light whioh strikes the retina is not sufficiendy strong, the e^e is not 
sensible of any impression. In consciquence of deficient intensity, noany 
stars escape our observation, even in the darkest nights. Telescopio 
glasses have the effect of aug[menting the intensity of the images of the 
stars. The cylindrical pencil of parallel rays emanating from a star, 
and striking the surface of the object-glass, on whose circular surface it 
rests as on abase, is considerably contracted on emerging from the eye- 
piece. The diameter of the first cylinder is to that pi the second as 
the focal distance of the objectpglass is to the focal distance of the eye- 
piece, or as the diameter of the object-glass is to the diameter of the 
part of the eye-piece covered by the emer^ng rays. The intensities 
of the light in these two cylinders (the incident and emerging cylin- 
ders) must be to one another as the superficies of their bases. Thus, 
the emerging light will bo more condensed, more intense, than the nat- 
ural light fallins on the object-glass, in tlie ratio of the surface of this 
object-glass to the circular surface of the base of this emerging pencil. 
As the emerging pencil is narrower in a magnifying instrument than the 
cylindrical pencil falling ou the objec^glas8, it is evident that the pupil, 
whatever may be its aperture, will receive more rays, by the interven- 
tion of the telescope, than it could without. The intensity of the light 
of the stars wUl, therefore, always be augmented when seen through a 
telescope. 

** The most favorable condition for the use of a telescope is undoubt 
edly that in which tlie eye receives the whole of the emerging rays, 
and, consequently, when the diameter of the pencil is less than that of 
Ihe pupil. The whole of the light received by the object-glass then co- 
operates, through the agency of the telescope, in the formation of the 
image. In natural vision, ou the contrary, a portiou only of this light 
is rendered available, namely, the small portion which enters the pupil 
naturally from the incident pencil. The intensity of the telescopic im 
ago of a star is, therefore, to the intensity of the imngo seen with tho 
naked eye, as the surface of the object-glcus is to that of the pvpil, 

** The precediue observations relate to the visibility of one point or 
one star. We will now pass ou to the consideration of an object having 
sensible angular dimensions, as, for instance, a planet. Under the most 
favorable conditions of vision, tliat is to say, when the pu2)il receives 
the whole of the emerging pencil, the intensity of each point of the plan- 
et's image may be calculated by the proportions we have already given. 
Tho total quantity of light contributing to form tho whole of tho iniuso, 
lis seen by tho nukutl eye, will, thoruiore, bo to the total quantity of the 
light forming the image of the planet by the aid of a telescope, as tiie 
surface of the pupil is to the surface of the object-glass. The compar- 
ative intensities, not of mere isolated points, but of the images of a plan* 
et formed respectively on the retina of the naked eye, and by the in- 
tervention of a telescope, must evidently diminish proportionally to the 
superficial extent of these two images. The linear dimensions of the 
two images are to one another as the diameter of the object-glass is to 
that of the emerging pencil. We therefore obtain tlie number of times 
that the surface of Uie magnified image exceeds the surface of tho im* 
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fixed stars, since they convey a greater quantity of intense 
light to the eye ivithout perceptibly enlarging the image ; 

age when seen by the naked eye by dividing the square of the diameter 
of the objeet-glatt by the equare of the diameter of the emerging pencil, or 
rather the turf ace of the otjeet-gltue by the eurfaee of the circular baee 
of the emerging pencil, 

** By dividing the suriace of the object-glass by the snrface of the pa 
pil, we have already obtained the ratio of the total quantities of light 
produced by the two images of a planet. This number is lower than 
the quotient which we obtain by dividing the Rurfnco of the object- 
glass by the surface of the emerging pencil. It follows, therefore, witli 
respect to planets^ that a telescope causes us to gain less in intensity of 
light than is lost by magnifying the surface of the images on the retina; 
the intensity of these imag[es must therefore become continually fainter, 
in proportion as the magmfying power of th^ telescope increases.^ 

" The atmosphere may be considered as a planet otindefinite dimen- 
sions. The portion of it that wo see in a teloscono will therefore also 
bo subject to tho samo law of diminution that wo nave indicated. The 
relatbn between the intensity of the light of a planet and the field of at> 
mospheric light through which it is seen, will be the same to the naked 
eye and in telescopes, whatever may be their dimensions and magnify, 
ing powers. Telescopes, therefore, do not favor the visibility of planets 
in respect to the intensity of their light. 

** Tne same is not the case vnth respect to the stars. The intensi^ 
of the image of a star is greater when seen with tiie telescope tlian with 
the naked eye ; the field of vision, on the contrary, uniformly illumined 
in both cases by the atmospheric light, is clearer in natural than in tel- 
escopic vision. There are two reasons, then, which, in connection with 
the consideration of the intensity of light, explain why the image of a 
star preponderates in a telescope rather than in the naked eye over that 
of the atmosphere. 

"This predominance must gradually increase with the increased 
magnifying power. In &ct, deducting tho constant augmentation of 
the star's diameter, consequent upon tne different effects of diffraction 
or interference, and deducting also the stronger reflection experienced 
by tlio light on tho moro oblique surfaces of ocular glasses of short focal 
lengths, the inientity of the light of the ttar is eonttant as loner as the 
aperture of the obiect-glass does not vary. As we have alreaay seen, 
the brightness of tne field of view, on the contrary, diminishes inces- 
santly in tlie same ratio in which the magnifying power increoses. All 
other circumstances, therefore, being equal, a star will be moro or less 
visible, and its prominence on tho field of the toloscopo will be moro 
or less marked, in pro|K)rtion to the magnifying powors we employ." 
— Arago, Manuterwt of 1847. 

I will further add the following passage from tho Annuaire du Bu' 
reau dee Long, pour 1846 {Notices Seient, par Af. Arago^ p. 381 : 

" L'exp^rience a montr^ que pour le commun des nommes, deux 
ospaces ^clair^s et contigus ne se distinguent pas Tun de Pautre, k moins 
que leurs intensit^s comparatives ne pr^sentent, au minimum, une dif ' 

€6rence de n, Quand une lunette est toum^e vers le firmament, son 
champ somble uniformemont 6c1air^ ; o'ost qii' nlors il oxiste, dnns un 
plan passant par le foyer et perpendiciilaire k Vaxe de VobjectiC une 
image indifinie de la region atmo8ph6riaue vers laquelle la lunette est 
dirig^e. Bupposons quTin astre. c*est-a^ire un objet Bitu6 bien ao- 
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whilo, iu accordance with another law, they influence tha 
aerial spaoo on which the fixed star is projected. The tele* 
•copOi Ly Bonarating, as it wore, the illuminated particloi of 
air Burrounding the object-glaBs, darkeuB the field of view, 
and diminisheB the intensity of its illumination. We are en- 
abled to 800, however, only Ly means of the difference be- 
tween the light of the fixed Btar and of the aerial field or the 
mass of air which surrounds the star in the telescope. Plan- 
etary disks present very different relations from ihe simple 
ray of the image of a fixed star ; since, like the aerial field 
{I'atr aerienne), they lose in intensity of light by dilatation 
in the magnifying telescope. It must be further observed, 
I that the apparent motion of the fixed star, as well as of the 
/ planetary disk, is increased by high magnifying powers. 
This circumstance may facilitate the recognition of objects 
J by day, in instruments whose movements are not regulated 
' paralactically by clock-work, so as to follow the diurnal mo- 
tion of the heavens. Different points of the retina are suc- 
cessively excited. ** Very faint shadows are not observed,*' 
Arago oisewhoro remarks, ** until we can give them motion.'* 
In the cloudless sky of the tropics, during the driest sea- 
son of the year, I have frequently been able to find the pale 
disk of Jupiter with one of DoUond's telescopes, of a magni- 
fying power of only 95, when the sun was already from 15^ 
to 18° above the horizon. The diminished intensity of the 
light of Jupiter and Saturn, when seen by day in the great 
Berlin refractor, especially when contrasted with the equally 
reflected light of the inferior planets, Venus and Mercury, 
frequently excited the astonishment of Dr. Galle. Jupiter's 

deU de Vatmo8ph6re, se trouve dans la direction de la lunette : sou 
image ne sera visible qu'autant qu'elle augmentera de ^^^ ^^ moins, 
rintensit6 de la portion de Pimage focale indijinie de I'atmosph^re, sur 
laquelle sa propre image litniUe ira se placer. Sans cela le champ 
visuel continuera a partHtre portout de la m6me intensity." 

*' Exi)erieuce has shown thiit, in ordinary vision, two illuminated and 
cx)ntiguouB Bjiaces can not be distinguished from each other unless their 
comnarativo intensities present a minimum difference of ^th. When 
a teloicoiie is directed toward the heavens, its field of view appears 
uniformly illumined: tliero Uien exists in a |)lano passing througu the 
focus, and perpendicular to the axis of the object-glass, an indefinite im* 
are of the atmospheric region toward which the instrument is pointed. 
If we suppose a star, that is to say, an object very far beyond the atmo»* 
phere, situated in the direction of the telescope, its image will not be 
visible except it exceed, by at least jfffih, the intensity of that portion 
of the iiidofiuite focal imago of tlie atmosphere on which its limited 
proper imngo is thrown. Othor\vise the visual field vtrill cimtirue to 
appear e\ory where of the same intensity. ' 
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occultations havo occasionally boon observed by dayliffht» 
with tho aid of powerful toloscopos, as in 1792, by Flau- 
gergues, and in 1820, by Struve. Argolander (on the 7th 
of December, 1849, at Bonn) distinctly saw three of the sat 
ellites of Jupiter, a quarter of an hour after sunrise, with 
one of Fraunhofer's five-foet telescopes. He was unable to 
distinguish the fourth ; but, subsequently, this and the other 
satellites were observed emerging from the dark margin of 
tho moon, by tho assistant astronomer Schmidt, with tho 
eight-feet heliometer. The determination of the limits of 
the telescopic visibility of small stars by daylight, in difier- 
ent climates, and at difierent elevations above the sea's level, 
is alike interesting in an •ptical and a meteorological point 
of view. 

Among the remarkable phenomena whose causes have been 
much contested, in natural as well as in telescopic vision, we 
must reckon the nocturnal scintillation of the stars. Accord- 
ing to Arago*s investigations, two points must be specially dis- 
tinguished in reference to this phenomenon* — ^firstly, chango 

* The enrliost ozplnuations civon by Arago of scintillation occur in 
tho appendix to tlio 4th book of my Vofage avx RigUmt Eqninoxiaki, 
torn. 1., p. 623. I rejoice that I am able to enrich this section on nat- 
ural and telescopic Tision with the following explanations, which, for 
tlio reasons already assigned, I subjoin in tho originol toxt. 

Dei cauMs de la $einiiU€UioH det itoUet. 

'* Oe qu*il y a do plus remarquablo dans le ph6nom6ne do la scintil- 
lation, c*08t le chansomont do coulonr. Oe chnngoment est boauconn 
plus fr6quont quo robscrvation ordinaire Tindique. En eiTet, en ogi- 
tnut la lunotto, on transformo Timoge dans uuc ligno on un oorcle, ot 
touB los points de cette ligne on do ce corclo paraissont do coideurs dif- 
fdrentes. C'est la rteltante de la superposition de toutes cos images 
que Ton Yoit, lorsqu'on laisse la lunette immobile. Les rayons qui se 
r^unissent au foyer d'une lentille, vibrent d'accord ou en ddsoccord, 
s'lyontent ou se ddtruisent, suivant quo les couches quMls ont trayer- 
9^9, ont telle ou telle rdfrinsenco. L'ensemble des rayons rouges pent 
se ddtruire teul, si coux do uroito et de gauche, et ceux de haut et do 
bas, ont trayersifi des milieux in6galement r^fringents. Nous avons dit 
$etti, parceqne la diffiSrence de r^fringence qui correspond k la destmc 
tion an rayon rouge, n'cst pas la mftme que cella qui om^ne la destruc- 
tion du rayon vert, et r^ciproquement. Maintenant, si des rayons rouges 
sent d^truits, ce qui reste sera le blanc moins le rouge, c'e8t>ji<lire du 
vert 8i le vert au contraire est d^truit par inUrfirence, Pimage sera 
du blanc moins le vert, c*e8t-4-dire du rouge. Pour expliquer pourquoi 
les plan^tes 4 grand diamdtre ne scintillont pas ou trcs peo, il faut so 
rappeler que le disquo pout 6tre conRid6r<5 comme uno aggregation 
d'etoilos on do potits points qnl scintillont isoMmont; mais les Images 
de diiPSrentcs couleurs que chacnn do cos points pris isol^ment don- 
nerait, ompidtant los nnes sur les autros, formomient du blnnc. liors- 
qn'nn placo un diaphragme in un bonclion porc6 d*uu Iron mt I'objec* 

Vol. III.— D 
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in the iutensity of the light, from a Budden decrease to perfect 
extinction an(i rekindling ; secondlyi change of color. Both 

tif d'une lanette, Ion 6Uii\o» ocqui6rout un diaque oiitour6 d'une f6rio 
d'anaeaux lumiueux. Si Yon eiifuDce Voculaire, le disque de l'6toilo 
augmoute de diamdtre, et il se produit dans aon centre im trou obscar ; 
fli ou Peufonce davantage, un point lumineax se substitue au point noir. 
Ua nouvul onfunccmont duuno uaissance A un centre noir, etc. Vve 
noua la lunette lorsquo lo centre de Timage gb% noir, ot viaons A imu 
6toile qui ne aciutille pas : le centre restera noir, comme il l*6tait au- 
paravant. Si au contraire on dirige la lunette k une dtoile qui scintille, 
on vorra lo centre de Timage lumineux et obscur par intermitteuce. 
Dans la position oik lo centre de I'image est occup6 par un point lumi- 
neux, ou vcrra ce point disparaltre et rcnaltre successivement. Oetto 
disparition ou r6apparitiou du point centiul est la preuve directe de 
Vinterftrenee variable des rayons. Pour bien concevoir Pabsence de 
lumi^re au centre de ces images dilatdes, il faut se rappeler que les 
rayons r6guli6romeut r6fract6s par roI)jectif ne se r6unissent et ne peu- 
vent par consequent interfdrer qu'au fo^er: par consequent les images 
dilat6es que ces rayons peuvent produire, resteraient toujours pleines 
(sans trou). Si dans uue certaine position de I'oculaire un trou se pr6- 
sente au centre do I'image, c'cst que les rayons r6gulidrcment rdfrac- 
t^s inCerftrcnt avcc dos rayons diffraciis sur les bords du diaphragmo 
circultiiro. Lo phduom6no n'est pas constant, parccque les rayons qui 
intorf^rent dans un certain moment, u'iutori'crent pas un instant aprds, 
lorsqu'ils ont traverse des couches atmosph6riques dout le pouvoir r^- 
fringeut a varie. On trouve dans cette experience la preuve manifesto 
du rdle one joue dans le phenom6ne do lu scintillation Tiuegule refran- 

S'bilite des couches atmospherifjues travorseus par les rayons dont lo 
isceau est tr6s eiroit. II resulte de ces considerulious que Texplica- 
tion des scintillations no pent 6tre mttuchee qu*aux phenomdnes des 
inUrfirencct lumincuses, Les rayons des etoiles, apr6s avoir tmverse 
une atmosphere oik il existe des couches inegalement chaudes, inegale- 
ment denses, inegalement humides, vont se reunir au foyer d*une len- 
tille, pour y former des images d'intensite et de couleurs perpetuelle- 
mept changoantos, c'est-d-dire des images telles que la scintillation les 
presente. II y a aussi scintillation hors du foyer des lunettes. Les ex- 
plications proposees par Galileo, Scaliger, Kepler; Descartes, Hooke, 
Huygeus, Newton et John Michell, que j'ai examin6 dans un memoire 
presente k rinstitut en 1840 {Comptet RenduSf t. x., p. 83), sont iuad- 
missibles. Thomas Youn^, auquol nous devons les premieres lois des 
interferences, a cru inexplicable le phenom6ne de la scintillation. La 
fuussete de I'ancienne explication par des vapours qui voltigent et de- 
placont, est dejd prouvee par la circonstanco que nous voyons la scin- 
tillation des yeux, co qui 8up|K)soruit un dei>hicenient d'une minute. 
Les ondulations du borJ du soleil sont de i" a 5'', ot 2)eut-Stre des pi(V- 
ces qui manquenif done encore efiet de I'interference des rayons." 

On the causes of the scintillation of the stars, 

" The most remarkable feature in the phenomenon of the stars' sciu> 
tiUation is their change of color. This change is of much more frequent 
occurrence than would appear from ordinary observation. Indeed, on 
shaking the telescope, the image is transformed into a line or circle, and 
''' all the points of this line or circle appear of diflforeut colors. We have 

hero the results of the superposition of all the images seen when the 
telescope is at rest. The rays united in the locus of a lens vibrato in 
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these alterations are more intense in reality than they appear 
to the naked eye ; for when the several points of the retina 

harmony or at variance with one another, and increase or destroy one 
another according to the varioni degreea of refraction of the strata 
through which they have passed. The whole of the red rays alone can 
destroy one another, if the rays to the right and left, aboYc and below 
them, have passed through unequaUy refracting media. We have used 
tlie term cUone, because tne difTorenco of refraction necessary to destroy 
the red ray is not the same as that which is able to destroy the green 
ray, and vice verta. Now, if the red rays bo destroyed, that which re* 
mains will be white minus rod, that is to say, green. If the ereen, on 
the other hand, be destroyed by tnicrferenee, tne image will be whito 
minus green , that is to sav, red. To understand why planets havin g large 
diameters should be subject to little or no scintillation, it must be remem« 
bered that the disk may be regarded as an aggregation of stars or of 
smi^hpoints, scintillating independently of each other, while the images 
of difiorent colors presented bv each of these points taken alono would 
impinge upon one another and form whito. If we place a diaphragm 
or a cork pierced with a hole on the object-glass of a telescope, Uie 
stars present a disk surrounded by a series of luminous rings. On push- 
ing in the eye-piece, the disk of the star increases in diameter, and a 
dark point appears in its center; when tho eye-piece is made to recede 
still further mto the instrument, a luminous point will take tlio place of 
tho dark point. On causing the oyo-pioco to rocodo slill further, a 
black center will bo observed. If, while the center of the image is 
black, we point the instrument to a star which does not scintillate, it 
will remain black as before. If, on the other baud, wo point it to a scin- 
tillating star, we shall see the center of tho image alternately luminous 
and dark. In tho position in which the center of the image is occu- 
pied by a luminous {Mjiiit, we shall see this point altonmtoly vanish and 
reappear. This disappearance and reappearance of the central point 
is a direct proof of the variable interference of the rays. In order to 
comprehend the absence of light from the center of these dilated im- 
ages, we must remember that rays regularly refracted by the object- 
cuss do not reunite, and can not, consequently, interfere except in the 
locus ; thus the images produced by these rays will always be uniform 
and without a central point. If, in a certain position of the eye-piece, 
a point is observed in the center of the image, it is owing to the inter- 
ference of Uie regularly refracted rays with the rays diffraeUd on the 
marsins of the circular diaphragm. The phenomenon is not constant, 
for the rays which interfere at one moment no longer do so in the next, 
after they have jmssed through atmospheric strata possessing a varying 
power of refraction. We here meet with a manifost proof of the im- 
portant part placed in the phenomenon of scintillation by the unequal 
refrangibility of the atmospheric strata traversed by rajfs united in a 
very narrow pencil." 

" It follows from these considerations that scintillation mast necessa- 
rily be referred to the phenomena of luminotu interfereneet alone The 
rays emanating from the stars, after traversing an atmosphere composed 
of strata having diflToront degrees of heat, density, and humidity, c<mi- 
bine in the focus of a Ions, wiioro ttioy form images peqtotunlly chnng* 
ing in intensity and color, that is to say, the images prosonted by scin- 
tillation. Tliere is another form of scintillation, uidopoudcnt of the ft» 
ctts of the telescope. Tho explanations of this ph«nomenon advanced 
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are once excited, they retain the impression of light whieh 
they have received, so that the disappearance, ohscuratioii 
and change of color in a star are not perceived by us to their 
full extent. The phenomenon of scintillation is more striking- 
Iv manifested in the telescope when the instrument is shaken, 
for then difierent points of the retina are successively excited, 
and colored and firequently interrupted rings are seen. The 
principle of interference explains how the momentaiy colored 
efiulgence of a star may be followed by its equally mstanta- 
neous disappearance or sudden obscuration, in an atmosphere 
composed of over-changing strata of difierent temperatures, 
moisture, and density. The undulatory theory teaches us 
generally that two rays of light (two sratems of waves) em- 
anating from one source (one center of commotion), destroy 
each other by inequality of path ; that the light of one ray 
added to the light of the other produces darkness. When the 
retardation of one system of waves in reference to the other 
amounts to an odd number of semi-undulations, both systems 
endeavor to impart simultaneously to the same molecule of 
ether equal but opposite velocities, so that the cfiect of their 
combination is to produce rest in the molecule, and therefore 
darkness. In some cases, the refrangibility of the difierent 
st&ta of air intersecting the rays of light exerts a greater in- 
fluence on the phenomenon than the difiference in length of 
their path.* 

The intensity of scintillations varies considerably in the dif- 
ferent fixed stars, and does not seem to depend solely on their 
altitude and apparent magnitude, but also on the nature of 
their own light. Some, as for instance Vega, flicker less than 
Arcturus and Procyon. The absence of scintillation in plan- 
ets with larger disks is to be ascribed to compensation and to 
the naturalizing mixture of colors proceeding from diflferent 
points of the disk. The disk is to be regarded as an aggregate 

oy Galileo, Scoligor, Kepler, Deflcartet, Hooke, Haygons, Newton, and 
John MichoU, which I oxnniiuod in a memoir prosontod to the Institute 
in 1840 {Comptet ltendut» t. x., p. 83), are iuudmidsiblo. Thomas 
Younf^, to whom wo owe the discoveiy of tlie flrst laws of interference 
regaraed scintillation as an inexplicable phenomenon. The erroneons- 
ness of the ancient explanation, which supposes that vapors ascend and 
displace one another, is sufficiently proved by the circumstance that we 
see scintillations with the naked eye, which presupposes a displace 
ment of a minute. The undulations of the margin of the sun are from 
i" to 5'^ and are perhaps owing to chasms or interruptions, and there- 
fore also to the oRoct ot interference of the rays of light." {Extracts 
from Arago't MSS. of 1847.) 
* See Arago, in the Annuairepour 1831 p. 168. 
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of Btars which naturally compcnsato for tho light destroyed 
by interference, and again combine the colored rays into white 
light. For this reason, we most rarely meet with traces of 
scintillation in Jupiter and Saturn, but more frequently in 
Mercury and Venus, for the apparent diameters of the disks 
of these last-named planets dimmish to 4''*4 and 9"'6, The 
diameter of Mars may also dooreoso to 3"*3 at its conjunc- 
tion. In tho sorono cold winter nights of tho tomporato zono, 
tho scintillation ineroasos tho magnificont impression produced 
by tho starry heavens, and tho more so from tho oiroumstanoo 
that, seeing stars of the sixth and seventh magnitude flicker- 
ing in various directions, we are led to imagine that we per- 
ceive more luminous points than the unaided eye is actuially 
capable of distinguishing. Hence tho popular surprise at the 
few thousand stars whidi accurate catalogues indicate as vis- 
ible to the naked eye ! It was known in ancient times by 
the Greek astronomers that the flickering of their light dis- 
tinguished the fixed stars from the planets ; but Aristotle, in 
wscordance with the emanation and tangential theory of vi- 
sion, to which he adhered, singularly enough ascribes the scin- 
tillation of the fixed stars merely to a straining of the eye. 
** The riveted stars (the fixed stars)," says he,* ** sparkle, but 
not the planets ; for the latter are so near that the eye is able 
to reach them ; but in looking at tho fixed stars {npdg 6k rovq 
fUvovTO^), tho eye acquires a tremulous motion, owing to the 
distance and the efiibrt." 

In the time of Galileo, between 1572 and 1604 — an epoch 
remarkable for great celestial events, when throo starsf of 
greater brightness than stars of the first magnitude suddenly 
appeared, one of which, in Oygnus, remained luminous for 
twenty-one years — ^Kepler's attention was specially directed 
to scintillation as the probable criterion of the non-planetary 
nature of a celestial body. Although well versed in the sci- 
ence of optics, in its then imperfect state, he was unable to 
rise above the received notion of moving vapors.| In the 
Chinese Records of the newly appeared stars, according to 
the great collection of Ma-tuan-lm, their strong scintillation 
is occasionally mentioned. 

The more equal mixture of the atmospheric strata, in and 
near the tropics, and the faintness or total absence of scintil- 

* Ariitot, De Calo, ii., 8, p. 290, Dekker. 
t Coitno; vol. ii., p. 326. 

% Cauta teintiUeUionigr in Kepler, De 8UUa nova in pede SerpenUum, 
1006, cap. xviii., p. 92-97. 
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iation of the fixed stars when they have risen 12° or 16° 
above tlio horizon, give the vault of heaven a peculiar char« 
acter of mild effulgence and repose. . I have already referred 
in many of my delineations of tropical scenery to this charac- 
teristic, which was also noticed by the accurate observers La 
Condamine and Bouguer, in the Peruvian plains, and by 
Gaicin,* in Arabia, India, and on the shores of the Persian 
Gulf (near Bender Abassi). 

As the aspect of the starry heavens, in the season of the 
serene and cloudless nights of the tropics, specially excited 
my admiration, I have been careful to note in my journals 
the height above the horizon at which the scintillation of the 
stars ceased in different hygrometric conditions. Gumana 
and the rainless portion of the Peruvian coast of the Pacific, 
before the season of the garua (mist) had set in, were pecul- 
iarly suited to such observations. On an average, the fixed 
stars appear only to scintillate when less than 10^ or 12^ 
above the liorizon. At greater elevations, they shed a mild, 
plunolary light; but this diilbreuco is most strikingly per- 
ceived when the same fixed stars are watched in their grad- 
ual rising or setting, and the angles of their altitudes meas- 
ured or calculated by the known time and latitude of the 
place. In some serene and calm nights, the region of scin- 
tillation extended to an elevation of 20^ or even 25^ ; but a 
connection could scarcely ever be traced between the differ- 
ences of altitude or intensity of the scintillation and the hy- 
grometric and thermometric conditions, observable in the low- 
er and only accessible region of the atmosphere. I have ob- 
served, during successive nights, afler considerable scintilla- 
tion of stars, having an altitude of 60° or 70°, when Saus- 
sure*s hair-hygrometer stood at 85°, that the ecinlillation en- 
tirely ceased when the stars were 15° above the horizon, al- 
though the moisture of the atmosphere was so considerably 
increased that the hygrometer had risen to 93°. The intri- 
cate compensatory phenomena of interference of the rays of 
light are modified, not by tlio quantity of aqueous vapor con- 
tained in solution in the atmosphere, but by the unequal dis- 
tribution of vapors in the superimposed strata, and by the 
upper currents of cold and warm air, which are not percept- 
ible in the lower regions of the atmosphere. The scintilla- 
tion of stars at a great altitude was also strikingly increased 
during the thin yellowisli red mist which tinges the heavens 

* Leilre de M, Oarein^ Dr, en Med. h M, de Riaumur, in HieU de 
tAe<uUmie Royale dee Scieneee^ Annie 1743, p. S8-32. 
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shortly boforo an oariliqnako. Thcso obsorvations only rofor 
to tho serenely bright and rainless seasons of the year ivith- 
in the tropics, from lO*' to 12^ north and south of the equa- 
tor. The phenomena of light exhibited at the commence- 
ment of the rainy season, during the sun's zenith-passage, 
depend on very general, yet powerful, and almost tempestu- 
ous causes. The sudden decrease of the northeast trade-wind, 
and the interruption of the passage of regular upper currents 
from tho equator to the poles, and of lower currents from tho 
poles to the equator, generate clouds, and thus daily give rise, 
at definite recurring periods, to storms of wind and torrents 
of rain. I have observed during several successive years 
that in regions where the scintillation of the fixed stars is 
of rare occurrence, the approach of the rainy season is an- 
nounced many days beforehand by a flickering light of the 
stars at great altitudes above the horizon. This phenome- 
non is accompanied by sheet lightning, and single flashes on 
the distant horizon, sometimes without any visible cloud, and 
at others darting through narrow, vertically ascending col- 
unms of clouds. In several of my writings I have endeav- 
ored to delineate these precursory characteristics and physi- 
ognomical changes in the atmosphere.* 

Th^ second book of Lord Bacon's Novum Organum gives 
us the earliest views on the velocity of light and the prob- 
ability of its requiring a certain time for its transmission. 
He speaks of the time required by a ray of light to traverse 
the, enormous distances of the universe, and proposes the 

* Seo Voyage aux Rigiont Equin.t t. i., p. 511 and 512, and t li., p 
202-208; also my K«>trto/iVa<nr0, p. IG, 138. 

" En Arable, de ni6me qu*^ BondprrAbassi, port fameux da Golfe 
Persiquo, Fair est parfaitement seroin presque toute Tann^. Lo prin- 
temps,- Vii6t et Taatomne so passent, sans qa*on y voie la moindre ros6e. 
Dans ces m6mcs temps tout le monde coucbe dehors sar le haut des 
maisons. ' Quand on est ainsi concha, il n*est pas possible d'exprimer le 
platsir qa*on prend A contempler la beaat^ du ciel, V^lat des ^toiles. 
C*est une lumidre pure, forme et ^clatante, sans ^tincolloment. Ce n*est 
qu*au milieu de rtiiver que la scintillation, quoique tr^s foiblo, s'y fait 
apercevoir." 

" In Arabia/' says Garcin, " as also at Bender-Abassi, a celebrated 
port on the Persian Gkdf, the air is perfectly serene throughout nearly 
the whole of the jear. Spring, summer, and autumn jpass without ex- 
hibiting a trace of dew. During these seasons all the mhabitants sleep 
on the roofs of their houses. It is impossible to describe the pleasure 
experienced in contemplating the beauty of the sky, and the brightness 
of the stars, while thus lying m the open air. The light of tho stars is 
pare, steady, and brilliant ; and it is only in the middle of the winter 
that a sUght degree of scintillation is observed." — Garcin, in Hiti, dti 
FAead, detSe.,\7i3, p. 30. 
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rition whether those Btars yet exist which we now see 
ing.* We are astonished to meet with this happy eon- 
jeoturo in a work whoso intellectual author was far behind 
his ootemporaries in mathematical, astronomical, and phys- 
ical knowledge. The velocity of reflected solar light was 
first measured by Romer (November, 1675) by comparing 
the periods of occultation of Jupiter's satelUtes ; while the 
velocity of the direct light of the fixed stars was ascertained 
(in the autumn of 1727) by means of Bradley's great discov- 
ery of aberration, which afibrdcd objective evidence of the 
translatory movement of the earth, and of the truth of the 
Oopomican system. In recent times, a third method of 
measurement has been suggested by Arago, which is based 
on the phenomena of light observed in a variable star, as, 
for instance, Algol in Fcrsous.f To those astronomical meth- 
ods may be added ono of terrestrial measurement, lately con< 
ducted with much ingenuity and success by M. Fizeau in 
the neighborhood of Paris. It reminds us of Galileo's early 

* In spoakiug of tho decojitions ocoaiiouod by tho velocity of sound 
and light, Dacon says : '* This lost instance, and others of a hko nature, 
have sometimes excited in us a most marvelous doubt, no less than 
whether the image of the sky and stars is perceivctd as at tlio actual 
moment of its existence, or rather a little after, and whether there is not 
(with regard to the visible appearance of the heavenly bodies) a true 
and apparent place which is ooserved by astronomers in parallaxes. It 
appeared so incredible to us that the images or radiations of heavenly 
bodies could suddenly be conveyed througti such immense spaccts to the 
sight, and it seemed that they ought rather to be trausmitted in a def« 
inita time. That doubt, however, as fur as regards any great diflference 
between the true and apparent time, was subsequently cumnlctoly sot 
at rest when we considored . . , ." — ^The works of Francis Bacon, vol. 
xiv., Lend., 1831 (Novum Organum), p. 177. He then recalls the cor- 
rect view he had previously announced precisely in the maimer of the 
ancients. Oom^mre Mrs. Somorviile's Connection of the Physical Set" 
encest p* 36, and Coitnosf vol. i., p. 154, 155. 

t Sec Arago's explanation of his method in tho Annuaire du Bureau 




mum le chan^oment dMutensitd s'o^6re lontement ; il est au contmiro 
rapide 4 certaines ^poques interm^diares entre cellos qui correspondent 
aux deux ^tats extremes, quand Algol, soit en diminuant, soit en aug- 
mentant d'telat, passe pour la troisidme grandeur." 

" The attentive observation of the phases of Al^ol at a six-months in* 
terval will serve to determine direcUy the velocity of that star's light 
Near the maximum and the minimum the change of intensity is very 
slow ; it is, on the contrary, rapid at certain intermediate epoclis b» 
tweon tliose corresponding to tho two extremes, when Algol, either di 
mhiUhing or inci'oasing in urigli.tnoss, appears of tho third magnitude. 
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and fruitless exporimenU with two altomately obscured lan- 
terns. 

Horrebow and Du Hamel estimated the time occupied in 
the passage of light from the sun to the earth at its mean dis- 
tance, according to Romer's first observations of Jupiter*B satel- 
lites, at 14' 7", then 1 V ; Oassini at 14' 10'' ; while Newton* 

* Newton, Opiiei, 2d od. (London, 1718), p. 325. " Light moves 
from the lun to us in sovon or eight miuntos oT timo." Newton com- 

{mres the velocity of sound (1140 feet in 1") with that of light. As, 
rom obsorvotions on the occultations of Jupiter*8 satellites (Newton's 
death occurred about half a year before Bradley's discovery of aberra- 
tion), ho calculates that li^ht passes from the sun to the earth, a distance, 
OS he assumed, of 70 miUions of miles, in 7' 30" ; this result yields a ve> 
locity of li^ht equal to 155,555| miles in a second. The reduction of 
these [ordmary] to geographical miles (60 to l^) is subject to variations 
according as we assume the figure of the earth. According to Encke's 
accurate calculations in the Jahrbtteh f&r 1852, an equatorial degree is 
equal to 69* 1637 English miles. According to Newton's data, we should 
therefore have a velocity of 134,944 geographical miles. Newton, how- 
ever, ossnmod the sun's parallax to bo 12''. If this, according to Encke's 
calculation of the transit of Venus, be 8"*57116, the distance is greater, 
and we obtain for tho velocity of lisht (at sovon and a half minutes) 
188,928 geographical, or 217,783 ordinary miles, in a second of time ; 
therefore too much, as before we had too little. It is certainly very re- 
markable, although the circumstance has been overlooked by Delambre 
(Hi$t de VAtironomie Modeme, tom. ii., p. 653 \ that Newton ^proba- 
bly basing his calculations upon more recent Kiij^Iish observations of 
the first satellite) should have anproximated withm 47" to the true re- 
sult (namel;^, that of Stnive, winch is now generally adopted), whilo 
the time assigned for tho passage of light over the semi-diameter of the 
earth's orbit continued to vacillate between the very high amounts of 
11' and 14' 10", from the period of ROmer's discovery in 1675 to the be- 

§ inning of the eighteenth century. The first treatise in which ROmor, 
to pupil of Picanl, communicated his discovery to tho Academy, bears 
the date of November 22, 1675. He found, from observations of forty 
emersions and immersions of Jupiter's satellites, ** a retardation of light 
amounting to 22 minutes for an interval of space double that of the sun's 
distance from tho earth." (Memoirt de VAcad, de 1666-1699, tom. z., 
1730, p. 400.) Oassini does not deny tho retardation, but ho does not 
concur in tho amount of time ^ven, because, as he erroneously argues, 
diiTercnt satellites presontod difTorent results. Du Hamel, secretary to 
tho Paris Academy {Regue Seientiarum Aeademue Hittoria, 1698, p. 
143), gave fixtm 10 to 11 minutes, seventeen years after ROmor had led 
Pans, although ho refers to him ; yet we know, through Peter Horre- 
bow (Bant AafronomuB tive Triduum Roemerianunit 1735, p. 122-129), 
that ROmer adhered to the result of 11', when in 1704, six years before 
his death, he purposed bringing out a work on the velocity of light; 
the nme was the case with Iluygens ( Tract, de Lttmine, cap. i., p. 7) 
Oassini's method was very different ; he found 7' 5" for the first satel- 
lite, and 14' 12" for the second, having taken 14' 10" for the basis of 
his tables for Jupiter pro peragnmdo diametri gemissi. The error was 
therefore on the increase. (Compare Horrebow, l^ridnum, p. 129 ; Oas- 
sini, Hypothisee et SatellUet de Jupiter in tho Mim de rAead., 1666- 

D2 
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approximated very remarkably to the truth ivhen he gare 
it at 7' 30". Dclambrc,* who did not take into account any 
of the observations made in his own time, with the excep- 
tion of those of the first satellite, found 8' 13"* 2. Encke 
has very justly noticed the great importance of undertaking 
a special course of observations on the occultations of Jupi- 
ter's satellites, in order to arrive at a correct idea regarding 
the velocity of light, now that the perfection attained in the 
construction of telescopes warrants us in hoping that we may 
obtain trustworthy results. 

Dr. Busch,t of Konigsberg, who based his calculations on 
Bradley's observations of aberration, as rediscovered by Ri- 
gaud of Oxford, estimated the passage of light from the sun 
to the earth at 8' 12"* 14, the velocity of stellar light at 
167,976 miles in a second, and the constant of aberration 
at 20"'2116 ; but it would appear, from the more recent ob- 
servations on aberration carried on during eighteen months 
by Struve with the great transit instrument at Fulkowa,| 
that the former of these numbers should be considerably in- 

1699, torn, viii., p. 435, 475 ; Delambre, Hi$l, de PAstr, Mod.^ torn, ii., 
p. 751, 782 ; Du Hamel, Phytica, p. 435.) 

* Delambre, //t«/. de VAstr. Mod., torn, ii., p. G53. 

t Reduction of Bradley* t Obtervationt at Kev> and Wangtedf 1836, p. 
22; Schumacher's Astr. JNachr., bd. xiii., 1836, No. 309 (compare Mi*- 
eelianeous Works and Correspondence of the JRev, James Bradley, by 
Prof. Rigaud, Oxford, 1832). On the mode adopted for explaining ab- 
erration in accordance with the theory of undulatory light, see Doppler, 
in the Abhl. derKon. bdhmischen Oesellschaft der Wiss., 5te Folge., bd. 
iii., s. 754-765. It is a point of extreme importance in the history of 
great astronomical discoveries, that Picard, more than half a century 
beforo the actual discovery and explanation by Bradley of the cause 
of aberration, probably from 1667, had observed a periodical movement 
of the polar star to tlie extent of about 20'', which could " neither be 
the eifect of parallax or of refraction, and was very regular at opposite 
seasons of the vour.*' ^Delambre, Ilist, de VAstr, Modernet torn, ii., p. 
616.) Picard iiad nearly ascortuinod the velocity of direct light buiiiro 
Ills punil, UOmur, niudo known that of rollectotf light. 

t Helium., Astr, Nachr , bd. xxi., 1841, No. 481 ; Stnivo, Etudes d*Astr. 
Stellaire, p. 103, 107 (couiparo Cosmos, vol. i., p. 153, 154). Tlio ro- 
suit givon in tlio Annvaire pour 1842, p 87, for tho velocity of light 
in a Bocoiid, is 308,000 kiloincues, or 77,000 leagues (each of 4000 
metres), which corresponds to 215,834 miles, and approximates most 
nearly to Struve's recent result, while that obtoined at the Pulkowa 
Observatoiy is 189,746 miles. On the difference in the aberration of 
the light of tlie polar star and that of its companion, and on the doubts 
recently expressed by Struve, see Madler, Astronomic, 1849, s. 393. 
William Richardson gives os the result of the passage of light from the 
sun to the earth 8' 19" -28, from which we obtain a velocity of 215,392 
mUes in a second. {Mem. of the Astron. Soc., vol. iv.. Part 1.. p. 68.) 
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creased. The result of these important observations gave 
8' 11 "'IB ; from which, with a constant of aberration of 
20'''4451, and £ncke*8 correction of the sun's parallax in the 
year 1835, together with his determination of the earth's 
radius, as given in his Astronomisches Jahrbuchfur 1852, 
wo obtain 166,196 geographical miles for the velocity of 
light in a second. The probable error in tho velocity seems 
scarcelv to amount to eight geographical miles. Struvo's 
result ior tho time which light requires to pass from tho sun 
to tho earth dillbrs about j\^i\i from Dolainbro*8 (8' 13'''2), 
which has been adopted by Bessol in tho Tab, Regiom,, and 
has hitherto been followed in the Berlin Astronomical Al- 
manac. The discussion on this subject can not, however, 
bo regarded as wholly at rest. Groat doubts still exist as 
to tho earlier adopted conjecture that tho velocity of tho 
light of the polar star was smaller than that of its compan- 
ion in the ratio of 133 to 134. 

M. Fizeau, a physicist, distinguished alike for his great 
acquirements and for the delicacy of his experiments, has 
submitted the velocity of light to a terrestrial measurement, 
by means of an ingeniously constructed apparatus, in which 
artificial light (resembling stellar light) generated from oxy- 
gen and hydrogen is made to pass back, by means of a mir- 
ror between Suresne and La Butte Montmartre, over a dis- 
tance of 28,321 feet, to tho same point from which it ema- 
nated. A disk having 720 tooth, which made 12*6 rotations 
in a second, alternately obscured the ray of light and allowed 
it to bo soon botwoou tho tooth on tho margin. It was sup- 
posed from tho marking of a counter (comptour) that the 
artificial light traversed 56,642 feet, or tho distance to and 
from the stations in tt^tv^^ P^^^ ^i ^ second, whence we ob- 
tain a velocity of 191,460 miles in a second.* This result, 
therefore, approximates most closely to l)o1ambro*s ^which 
was 189,173 miles), as obtained from Jupitcr*s satellites. 

Direct observations and ingenious reflections on the ab* 
sence of all coloration during the alternation of light in the 
variable stars — a subject to which I shall revert in the so- 

* Fizeaa gives his result in leagues, reckoning 25 (and consequently 
4452 metres) to the equatorial degree. He estimates the velocity of 
light at 70,000 such leagues, or about 210,000 miles in the second. On 
the earlier experiments of Fizcan, see Comple» Rendu§t torn, xxix., p. 92. 
In Moigno, Ripert. d'Oplique ModernCy Part iii., p. 1162, we find this 
velocity given at 70,843 leagues (of 25=1°^ or about 212,529 miles, 
which approximates most Txenrly to the result of Bradley, as given by 
Dusch. 
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quel — led Armgo to tho lesolt that, aoeordini^ to tho imiiii- 
Utory ihtorjt rayi of li^t of diiicieiit color, wiuch eonie 
q[iieatly hayo tnuifrono yibnitioiis of Tory dillcxoiit length 
and Telocity, more thiough space with the lame rapidity. 
The Telocity of trananisaiQii and refractimi difier, therefine, 
in the interior of the difierent bodies through which the col- 
Qied rays pass ;* fi>r Arago's ohserrations haTe shown that 



* - WMpri* k tb^oria matbteatiqiie duw le sjrt^nM do oodea, lea 
ISTOM de dilBraites eouleon, lea rayons doiit lea oodnlatkai aool ia^ 
galea, doireiift nteimoiiM ao propager dana Pether area la m^aae ti 
t0a». n 11*7 a paa de diflKreiica 4 eel 4gazd eatie la piopagatiiai dea 
oodea aonorea, leaqiiellea ae pcopageat dans Pair aTec la omae ri^idit^ 
Oette ^gaHtA de pcofMigation dea oodea aonorea est bien teblie ezpAri- 
mentaleoieot par la aiinilituile d'efleC que prodoit one aranque doonfe 
4 tootea dMl a nce a At fieo oA Poo Pexifeate. La prineinala diffieolt^ 

ayat ^ B>e( 



je dirai l*iiiiiqiie diflicaltA, qa'oo edt 4ihw6to cootre le ayat^BM dea oodea^ 
oooaiatait dooo 4 ezplM|iier, ooouneot la TitoMe de ptoyajyitinn dea ray- 
ooa de diffirentea coalean dam lea coipa dMBrenta poavait Aire iliawim 
blaUe eC aerrir 4 reodre compte de I'lu^gaHt^ de n&Traction de cea ray- 
ooa oa de la diiporaioo. On a niiiotrt6 r6neminent que cette diffieult^ 
'; paa inmrmoatable; qu'oa pent conatitiior PoUior ibuia lea oorpa 
uenieot deoioe de mani^re que dea rayoaa 4 ondukuiooa 




dea choaea. Voici lea ampfitudea dea oodulatioaa dtfnitea expMaieQ- 
talemeot d'inie a^rie de frita rektif aux ' ' "^ 



Yiokt 0000433 

Jaooe 0-000551 

Rooge 0-000620 

La Titeaae de transniiaskm dea rayoaa de diffireutes couleiira daaa le» 
eapacea ciile^ea est la mftioe daoa le sy8t4me des oodea el toat-4-&h 
tnd^peodaote de P6tendae oa de la Titeaae des oodnktinoa.** 

** Aocording to the mathematiral theory of a system of waves, rays 
of diflfereot mors, baTiiig unequal undiilatxMis, must nerertheleaB be 
tranamhted throo^ ether with the aaine Tekioity. There k no diSst^ 
eooe fai thk re^eet (irom the mode of propagatioQ of waves of soond 
whidi are transmitted through the atmoi^ibere with eqoal reloci^. 
Thk equality of tranamkikm m wavea of sonud may be woU deoioa 
strateil experimentallY by the uniformity of i>fiijct produced by mosie 
at an tlktaitsoa from the aoorce whence it emanatea. The prinoi|)al, I 
may say the on^ objeotion, atlYanced against the umluktory theory, 
oonnsted in the difficulty of expkining how the Ttducity uf the prona* 
gatioo of rays of different colors through diSsrent bodies could be dk 
simikr, whue it aoooon t ed for the inequality of the refraction of tho 
raya or of their dispersion. It has been recently shown that thk diffi 
emty k not inanrmountsbk, and that the ether may be supposed to be 
transmitted through bodies ai unequal density in soch a manner tkit 
lays of dissimfkr systems of waves may be propagated through it with 
■neqnal Telooities; but it remains to be determined whether the tmws 
advanced by geometriciana cm thk questiutt aro in uumhi with the act* 
ual nature of things^ The fiaUowing aro the lengths of the nndnktnios 
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refraction in the prism is not altered by the relation of the 
velocity of light to that of the earth's motion. All the meas- 
urements coincide in the result, that the light of those stars 
toward which the earth is moving presents the same index 
of refraction as the light of those from which it is receding. 
Using the language of the emission hypothesis, this celebra- 
ted observer remarks, that bodies send forth rays of all ve- 
locities, but that among those diflbront velocities one only 
is capable of exciting the sensation of light. <> 

• 

as experimentally dedocod from a aerioa of footi in relation to inteiw 

ferenoe: 

nun* 

Violet 0-000423 

Yellow 0*000551 

Red 0*000620 

The velocity of the transmission of rays of different colon through ce- 
lestial space is equal in the system of waves, and is quite independent 
of the length or the velocity of the undulations.''— >Arago, M8, of 1849. 
Compare also the Annttaire pour 18^, P. 333-336. The length of the 
luminous wave of the ether, and the velocity of the vibrations, determ- 
> ino the character of the colored rays. To the violet, which is the most 
refrangible ray, belong 662, whilo to the rod (or least refrangible ray 
with the greatest length of wave) there belong 451 billions of vibra- 
tions in the second. 

* " J'ai prouv^, il y a bieu des ann^es, par des observations directes 
quo lea rayons dos dtoiles vers losquoUes la Torre marche, et lea ray- 
tins des 6toiIos dont la terro s'dloigtio, so rdfraotont oxactomont do la 
ra^mo quautit^. Uu tel r^sultat ne neut so concilior avee la thiorie tU 
Nmitium qu'A Vaide d'une addition importante 4 faire k cette tli6orie : 
il fiiitt admettro que les corps luminoux dmottent des rayons de toutes 
los vitosses, ot que les seuls rayons d'nne vitesse d^terminde sent visi- 
blos, qu'eux seuls produisent t(ans I'oBil la sensation de lumi6re. Dans 
la thforie de remission, le rouge, le jaune, le vert, le bleu, le violet so- 
laires sent respectivement accompagn^ de rayons pareils, mais obscurs 
par ddfant on par exc^s de vitesse. A plus ae vitesse correspond une 
moindre refraction, comme moins de vitesse entralne une refraction plus 
grando. Ainsi chaqno rayon rouge visible est accompasne de rayons 
obscun de la m6mo nature, qui se refractent les uos pius, les autres 
moins que lui : ainsi il exitle det rayona dan$ les ttrie$ noirea de la por- 
tion rouge du spectre ; la mdme chose doit dtre admise des stries situ 
des dans les portions jaunes, vertes, bleues et violottes." 

" I showed many years ago, by direct observations, that the rays of 
those stars toward which the earth moves, and the rays of those stars 
from which it recedes, are repeated in exactly the same degree. Such 
a result can not be reconciled with the theory o/emiieion, unless we 
make the important admission that luminous bodies emit ra^ of all ve- 
locities, and that only rays of a determined velocity are visible, those 
alone being capable of impressing the eye witli tho sensation of light 
In the theory of emission, tho rod, yellow, i^roen, blue, and violet so- 
lar rays are respectively accompamed by like rays, which are, how- 
over, dark from deficiency or excess of velocity. Bxcessive velocity is 



VRIif/CITV OP PJiECmCCITV. 87 

be Batisfactorily compared with tho results deduced from ob- 
servations on aberration and on tho satellites. 

The attention of physicists has been powerfully attracted 
to the experiments on the velocity of the transmission of 
electricity, recently conducted in the United States by Walk- 
er during the course of his electro-telegraphic determina- 
tions of the terrestrial longitudes of Washington, Philadel- 
phia, New York, and Cambridge. According to Steinheirs 
description of these experiments, the astronomical clock of 
the Observatory at Philadelphia was brought to correspond 
so perfectly with Morse's writing apparatus on tho tele- 
graphic line, that this clock marked its own course by points 
on the endless paper fillets of the apparatus. The electric 
telegraph instantaneously conveys each of these clock times 
to the other stations, indicating to these the Philadelphia 
time by a succession of similar points on the advancing pa- 
per fillets. In this manner, arbitrary signs, or tho instant 
of a star's transit, may bo similarly noted down at the sta- 
tion by a mere movement of the observer's finger on the stop. 
"The special advantage of the American method consists," 
as Steinheil observes, " in its rendering tho determination of 
time independent of tho combination of the two senses, sight 
and hearing, as the clock notes its own course, and indicates 
the instant of a star's transit (with a. mean error, according 
to Walker's assertion, of only the 70th part of a second). A 
constant difference between the compared clock times at 
Philadelphia and at Cambridge is dependent upon tho time 
occupied by the electric current in twice traversing the 
dosed circle between the two stations." 

Eighteen equations of condition, from measurements made 
on conducting wires of 1050 miles, gave for the velocity of 
transmission of tho hydro-galvanic current 18,700 miles,* 
which is fifteen times less than that of the electric current 
in Wheatstone's rotatory disks. As in Walker's remarkable 
experiments two udres were not used, but half of the con- 

* Steinheil, in Schamacher'n A$lr. Naehr,, No. 679 (1849), s. 97-100; 
Walker, in the Proeeeding$ of the American Phih§tmhical Society, vol. 
v., p. 128. (Compare earlier propositions of Ponillet in the Comptea 
Jlendnif t. xix., p. 138G.) The more recent ingenious experiments of 
Mitchol, Director of the Obsorvatory at Cincinnati (Gould's Attron, 
Jotimal, Doc, 1849, p. 3, On the Velocity of the Electric \Vave),nnd the 
investigations of Fizeau and Gonnollo at Paris, in April, 1850, differ 
both from Wheatstone's and Walker's residts. The oxporiments re 
corded in the Comptee Rendtit, t. xxx., p. 439. exhibit striking differ 
•nces between iron and copper as conducting media. 
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duction, to use a oonventional mode of exprearion, passed 
through the moist earth, wo should seem to be justified in 
concluding that the velocity of the transmission of electricity 
depends upon the nature as well as the dimensions* of the 
medium. Bad conductors in the voltaic circuit become more 
powerfully heated than good conductors; and the experi- 
ments lately made by Riesst show that electric discharges 
are phenomena of a very various and complicated nature. 
The views prevailing at the present day regarding what is 
usually termed '* connection through the earth" are opposed 
to the hypothesis of linear, molecular conduction between 
the extremities of the wires, and to the conjectures of the 
impediments to conduction, of accumulation, and disruption 
in a current, since what was formerly regarded as interme- 
diate conduction in the earth is now conjectured to belong 
exclusively to an equalization or restoration of the electric 
tension. 

Although it appears probable, from the extent of accura- 
cy at present attainable in this kind of observation, that tlie 
constant of aberrcUiofi, and, consequently, the velocity of 
light, is the same for all fixed stars, the question has fre- 
quently been mooted whether it be not possible that there 
are luminous cosmical bodies whose light does not reach us, 
in consequence of the particles of air being turned back by 
the force of gravitation exercised by the enormous masses 
of these bodies. The theory of emission gives a scientific 
form to these imaginative speculations.} I here only refer 

* Seo PoggendoHTs Annaleni bd. Ixxiii., 1848, 8. 337, and Pouillet, 
CompUi Rendui, t. xxx., p. 501. 

t Riess, in Poggendorft b Ann., bd. 78, s. 433. On the non-conduo 
tion of the intermediate earth, see the important experiments of Guille- 
min, 8ur le eouranl dam une pile isolSe ct $an$ communication enire lea 
p6lc$ in the Comptet Rendui, t. xxix., p. 521. *'Quand on romplaco 
uu fil par la ton*o, dans les t6l6graphoB olcctriqucs, hi torro sort |dui6t 
do resurvoir commuu, quo do moyou d'union ontro les doux extromi- 
tiSs du ill." ** Wliun the oarth is substituted fur half tho circuit in the 
oloctric tulogrnpli, it servos rattier as a common reservoir than as a 
means of connection between the two extremities of the wire.*' 

t Madler, Astr,, s. 380; also Laplace, according to Moigno, Riperioire 
d^Optique Modeme, 1847, t. i., p, 72: "Solon la th6orie do remission 
on croit pouvoir d^montrer que si le diamdtre d'une 6toile fixe serait 250 
fois plus grand que celui du soleil, sa density restant la mdme, Pattrac- 
tion exerc6e k sa surface detruirait la ouantit^ de mouvement, de la 
mol^ule lumineuse ^mise, de sorte qu*elle serait invisible k de grandes 
distances.'* ** It seems demonstrable by the theory of emission that if 
the diameter of a fixed star be 250 times greater than that of tho sun- 
its density remaining the same— the attraction exercised on tho surface 
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to Buch views because it will be necessary in the sequel that 
wo should consider certain peculiarities of motion ascribed 
to Procyon, which appeared to indicate a disturbance from 
dark cosmical bodies. It is the object of the present portion 
of this work to notice the different directions to which scien* 
tific inquiry had inclined at the period of its composition and 
publication, and thus to indicate the individual character 
of an epoch in the sidereal as well as the telluric sphere. 

The photofnetrtc relations (relations of brightness) of the 
self-luminous bodies with which the regions of space arc 
filled, have for more than two thousand years been an ob- 
ject of scientific observation and inquiry. The description 
of the starry firmament did not only embrace determinations 
of places, the relative distances of luminous cosmical bodies 
from one another and from the circles depending on the ap- 
parent course of the sun and on the diurnal movement of 
the vault of heaven, but it also considered the relative in- 
tensity of the light of the stars. The earliest attention of 
mankind was undoubtedly directed to this latter point, in- 
dividual stars having received names before they wore ar- 
ranged with others into groups and constellations. Among 
the wild tribes inhabiting the densely- wooded regions of the 
Upper Orinoco and the Atabapo, where, from the impene- 
trable nature of the vegetation, I could only observe high 
culminating stars for determinations of latitude, I frequently 
found that certain individuals, more especially old men, had 
designations for Oanopus, Achemar, the feet of the Centaur, 
and a in the Southern Cross. If the catalogue of the con- 
stellations known as the Catasterisms of Eratosthenes can 
lay claim to the great antiquity so long ascribed to it (between 
Autolyous of Pitane and Timocharis, and therefore nearly a 

would destroy the amount of motion emittod from the lamiiiotu mole- 
oale, to that it would be invisible at great distances.*' If, with Sir 
William Herschel, wo ascribe to Aroturus an apparent diameter of 0"*1, 
it follows that the true diameter of this star is only eleven times greater 
than that of our sun. (Cosmos, vol. i., p. 148.) From the above con- 
siderations on one of the causes of non-luminosity, the velocity of lisht 
must be very different in cosmical bodies of different dimensions. ^ This 
has, however, by no means been confirmed by the observations hitherto 




apparente de toutes les ^toiles.*' *' Experiments made on the equal 
prismatic deviation of the stars toward which the earth is movin{|, and 
nom which it is receding, explain the apparent equality of velocity ill 
the rays of all the stars.*' 
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oeutury &u(l a half before the time oi* IlipparokusV we poi- 
■eBS ia tlie aBtroiiomy oi' the Greeks a limit for the period 
when the fixed Btarit had not yet been arranged according 
to their relative magnitu4e8. In the enumeration of the 
Btars belonging to each constellation, as given in the Catas- 
terismSt frequent reference is made to the number of the 
largest and most luminous, or of the dark and less easily rec- 
ognized stars ;* but we find no relative comparison of the 
stars contained in the difierent constellations. The Catas- 
terisms are, according to Bemhardy, Baehr, and Letronne, 
more than two hundred years less ancient than the catalogue 
of Hipparchus, and are, besides, a careless compilation and 
a mere extract from the Poeticum Astronomicum (ascribed 
to Julius Hyginus), if not from the poem 'Epiirjg of the older 
Eratosthenes. The catalogue of Hipparchus, which we pos- 
sess in the form given to it in the Ahnugest, contains the ear- 
liest and most important detormiuation of classes of magni- 
tude (gradations of brightness) of 1022 stars, and therefore 
of about one firth of all the stars iu the firnuimcut visible to 
the naked eye, and ranging from tliu first to the sixth mag- 
nitude inclusive. It remains undetermined whether these 
estimates are all due to Hipparchus, or whether they do not 
rather appertain in part to the observations of Timocharis 
or Aristyllus, which Hipparchus frequently used. 

This work constituted the important basis on which was 
established the science of the Arabs and of the astronomers 
of the Middle Ages : the practice, transmitted to the nine- 
teenth century, of limiting the number of stars of the first 
magnitude to 15 (although Mddler counts 18, and Hiimker, 
after a more careful observation of the southern celestial hem- 
isphere,' upward of 20), takes its origin from the classifica- 
tion of the Almagest, as given at the close of the table of 
stars in the eighth book. Ptolemy, referring to natural vi- 
sion, called all stars dark which were fainter than those of 
his sixth class ; and of this class he singularly enough only 
instances 49 stars distributed almost equally over both hem- 
ispheres. Considering that the catalogue enumerates about 
one fifth of all the fixed stars visible to the naked eye, it 
should, according to Argelander*s investigations, have given 

* 

* Eratosthenes, Catoiterismi, ed. Schaubach, 1795, and Eratotiheniea, 
ed. G. Bernhardy, 1822, p. 110-116. . A distinction is made between 
stars Xauwpovc (jteyuXovf) and iifiavpovc (cap. 2, 11, 41). rtolomy also 
limits ol &ft6p^uT0i to tboso stars wlii *li do not regularly belong to a con- 
stellation. 
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G40 stars of tho sixth magnitude. Tlio nebulous stars (ve-^ 
<l>BXoei6eig) of Ftolcmy and of the Fseudo-Eratosthenian Ca* 
tasterisms are mostly small stellar swarms,* appearing like 
nebulsB in the clearer atmosphere of the southern hemisphere. 
I more particularly base this conjecture on tho mention of a 
nebula in the right hand of Perseus. Galileo, who, like the 
Greek and Arabian astronomers, was unacquainted with the 
nebula in Andromeda which is visible to tho naked eye, says 
in his Nuncius sidercus that stcllec ncbiilosrc are nothing 
more than stellar masses scattered in shining groups through 
the ether {areoks sparsim per cetliera ftdgent),\ The ex- 
pression (ra)v fieydXciv rd^ig), tlie order of magnitudes, al- 
though referring only to luster, led, as early as the ninth cen- 
tury, to hypotheses on the diameters of stars of different bright- 
ness ;t as if the intensity of light did not depend on the dis- 
tance, volume, and mass, as also on the peculiar character 
of the surface of a cosmical body in more or less favoring the 
process of light. 

At the period of the Mongolian supremacy, when, in the 
fifteenth century, astronomy flourished at Samarcand, under 
Timur Ulugh Beg, photometric determinations were facili- 
tated by the subdivision of each of the six classes of Hippar- 
chus and Ptolemy into three subordinate groups ; distinctions, 
for example, being drawn between tho smaU, intermediate, 
and large stars of the second magnitude — an attempt which 
reminds us of the decimal gradations of Struve and Argelan- 
dor.t This advance in photometry, by a more oxact dotorm- 
tnation of degrees of intensity, is ascribed in Ulugh Beg*s 
tables to Abdurrahman Sufi, who wrote a work "on the 
knowledge of tho fixed stars," and was the first who men- 
tions one of the Magellanic clouds under the name of the 
White Ox. Since the discovery and gradual improvement 
of telescopic vision, these estimates of the gradations of light 
have been extended far below the sixth class. The desire 
of comparing the increase and decrease of light in the newly- 



* Plot, Almar.f ed Halma, torn, ii., p. 40, and in Eratosih. Catast,, 
cap. 22, p. 18: ij di ire^a^^ koI ^ upnij uvanrof Sparatt ^ta 6i ve^eXudovc 
avarpo^ic doKeX rtatv dpuaOai. Thus, too, Geminus, Phan, (ed. Hilder. 
1590), D. 46. t CotmoBf vol. ii., p. 330, 331. 

X Munamedis Alfragani Chronologica ot Ast. Elemeuta, 1590, cap. 
xziv., p. 118. 

( Somo MSS. of tho Almagost rofor to such nubdi visions or interme- 
diate classes, as thoy add tho words fiel^uv or eXuoouv to tho dotorin* 
{nation of magnitudes. (Ood. Paris, No. 2389.) Tycho expressed this 
increase or diminution by points 
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appoarod stan in Cygnus and OphiuohuB (tlo former of which 
continued luminouB for t'wenty-onc years), willi the bright- 
no08 of other stars, called attention to photometrio determina- 
tions. The so-called dark stars of Ptolemy, which were be- 
low the sixth magnitude, received numerical designations 
according to the relative intensity of their light. <* Magni- 
tudes, from the eighth down to the sixteenth," says Sir John 
Ilerschel, ** are familiar to those who are in the practice of 
using powerful instruments.* But at this faint degree of 
brightness, the denominations for the different gradations in 
the scale of magnitudes are very undetermined, for Struve 
occasionally classes among the twelfth or thirteenth stars 
which Sir John Herschel designate^ as belonging to the 
eighteenth or twentieth magnitudes. 

The present is not a fitting place to discuss the merits of 
the very dilFerent methods which have been adopted for the 
measurement of light within the last hundred and Afty years, 
from Auzout and Huygcns to Bouguer aiid Lambert ; and 
from Sir William Herschel, Rumford, and Wollaston, to Stein- 
hoil and Sir John Herschel. It will be suflicient for the ob- 
ject of this work briefly to indicate the diflerent methods. 
These were a comparison of the shadows of artificial lights, 
differing in numbers and distance ; diaphragms ; plane-glass- 
es of different thickness and color ; artificial stars formed by 
reflection on glass spheres ; the juxtaposition of two seven- 
feet telescopes, separated by a distance which the observer 
could pass in about a second ; reflecting instruments in which 
two stars can be simultaneously seen and compared, when 
the telescope has been so adjusted that the star directly ob- 
served gives two images of like intensity ;t an apparatus hav* 

* Sir John Herschel, OutlincM of Astr,, p. 52QrA7. 

t This is the application of reflecting sextants to the determination 
of the intensity ofstollar light ; of this instrument I made creator use 
when in the tropics than of the diaphragms recommended to me by 
Dorda. I bogan my investiG;ation under the clear skies of Oumana, and 
coutinuod them subsoquontty till 1803, but under less favorable condi- 
tions, on the elevated plateaux of Uie Andes, and on the coasts of tho 
Pacific, near Guayaquil. I had formed an arbitrary scale, in which 1 
marked Sinus, as the brightest of all the fixed stars, equal to 100; the 
stars of the first magnituao between 100 and 80, those of the second 
magnitude between 80 and 60, of the third between 60 and 45, of the 
fourth between 45 and 30, and those of the fifth between 30 and 20. I 
especially measured the constellations of Argo and Grus, in which I 
thought I had observed alterations since the time of LacaiUe. It seemed 
to me, after a careful combination of magnitudes, using other stars as 
intermediate gradatitms, that Sirius was as much brighter tlmu Ounona% 
OS a Oentauri than Achernar. My numbers can not, on accoupt oftho 
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ing (ill front of tho objoct-gfloss) a mirror and diaphragms, 
whoHO rotation is moasurod on a ring ; telescopes "with di- 
vided object-glasses, on either half of which tho stellar light 
is received through a prism ; astrometers* in which a prism 
reflects the image of the moon or of Jupiter, and concentrates 
it through a lens at difierent distances into a star more or 
less bright. Sir John Herschel, who has been more zealous- 
ly engaged than any other astronomer of modern times in 
making numerical determinations in both hemispheres of tho 
intensity of light, confesses that tho practical appHcation of 
exact photometric methods must still be regarded as a " de- 

above-mentioned mode of classification, be compared directly vrith 
those which Sir John Herschel made public as early as 1838. (see my 
Reeueil {PObterv* Asir.t vol. i., p. Ixxi., and Relat, Hi»t, du Voyage avx 
RSgiont Equin.f t. i., p. 518 and 624; also Lettre deM.de. Humboldi ^ 
M» Sehumaeher en Fevr.f 1839, in the AUr, Nachr., No. 374.) In this 
letter I wrote as follows : ** M. Arago, qui poss^de des moyens photo- 
m^triques enti^rement diff^rents de cenx qui ont ^t^ public jusqu'ici, 
m*avait rassur^ sur la partie des erreurs qui pouvaient provenir du change- 
ment d'inclinaison d*un miroir entam^ sur la face int^rieure. II blAme 
d'ailleurs lo principe de ma m6thode ot le rogarde comme pea snscep- 
tiblo de porfoctionnemont, non soulomont k cnuso do la dinoronco dos 
angles entre T^toile vue diroctemout ot coUe qui est amonte par rdflex- 
ion, mais surtout parce^ue le r^ultat de la mesure d*intensit^ d6pend 
de la partie de PobiI qui se trouve en face de I'ocniaire. II y a errenr 
lorsqne la pupiUe n'est pas trds oxactement A la hauteur de la limite in- 
fdrioaro do la portion non ontamdo da potit miroir.'' '* M* Amgo, who 

Itossosses t>hotomotrio data diflbring entirely from thoso hitherto pub* 
ished, had instructed me in reference to those errors which might ariso 
from a change of inclination of a mirror silvered on its inner surface. 
He moreover blames the principle of my method, and regnrds it as lit- 
tle susceptible of correctness, not only on account of the diflbrence of 
angles between the star seen directly and by reflection, but especially 
because tho result of the amount of intensit;^ depends on the part of the 
eye opposite to tho ocular glass. There will be an error in tlio observ* 
ntions when tho pupil is not exactly adjusted to the elevation of the 
lower limit of the unplated part of tho small mirror." 

* Compare Steinheil, Elemente der Ifelligkeits-Mestttngen am StemeU' 
himmel MAneheUf 1836 (Schum., Astr, Nachr., No. 609), and .John Her- 
schel, RetvUt of AHronomical Ob$ervation» made during the Yearn 1834 
-1838 ai the Cape of Good Hope (Lend., 1847), p. 353-357. Seidel at- 
tempted in 1846 to determine by means of Steinheil's photometer the 
aiiantities of light of several stars of the first masnitude, which attain 
le requisite degree of latitude in our northern latitudes. Assuming 
Vega to be =1, he finds for Sinus 5*13 ; for Rtgel, whose luster appears 
to be on the increase, 1*30; for Arcturus, 0*84; for Canella, 0*S3; for 
Procyon, 0*71; for Snica, 0*49; for Atnir, 0*40; for Aldobarnn, 0*36; 
for Doiiob, 0*35: for llngtihui, 0*34; for TolJux, 0*30; ho does not givo 
tho intensity of the light of Uotolgoux, ou nccotiiit of its boiitg a vnrin* 
bio star, m vrn% particularly nianifustod between 183G and 1839. {Oui 
Unci, p. 5'i3 ) 
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sidoratum in astronomy," and that ** photometry is yoc i^ ^■^ 
infancy.'* Tho increasing interest taken in variable swrs. 
and the recent celestial phenomenon of the extraordinary in* 
crease of light exhibited in the year 1837 in a star of the con- 
stellation Argo, has made astronomers more sensible of the 
importance of obtaining certain determinations of light. 

It is essential to distinguish between the mere arrangement 
of stars according to their luster, without numerical estimates 
of the intensity of hght (an arrangement adopted by Sir John 
Horschcl in his Manual of Scientific Inquiry prepared for 
tits Use of the Navy), and classifications in which intensity 
of light is expressed by numbers, under tho form of so-called 
relations of magnitude, or by more hazardous estimates of tho 
quantities of radiated light.*" Tho first numerical scale, based 
on estimates calculated with the naked eye, but improved by 
an ingenious cluborution of tho matcriulsf probably deserves 
tho preference over any other opproximative method practi- 
cable in the present imperfect condition of photometrical in- 
struments, however much tho exactness of tho estimates must 
bo endaugercd by tho varying powers of individual observers 
— ^the serenity of the atmosphere — the diiiercnt altitudes of 
widely-distant stars, which can only be compared by means 
of numerous intermediate stellar bodies— and above all by the 
unequal color of the light. Very brilliant stars of the first 
magnitude, such as Sirius and Canopus, a Centauri and Acher- 
nar, Deneb and Vega, on account of their white light, admit 
far less readily of comparison by the naked eye than fainter 
stars below the sixth and seventh magnitudes. Such a com- 
parison is even more difiicult when we attempt to contrast 
yellow stars of intense light, hke Frocyon, Capclla, or Atair, 
with red ones, like Aldebaran, Arcturus, and Betelgeux.t 

* Compare, for the numerical data of the photometric results, four 
tables of Sir John llerschuVs Astr. Ohi. at the Cape, a), p. 341 ; b), p. 
367-371 ; c), p. 440 ; ond d), in his OulUnet of A$tr., p. 522-525, 045- 
C4G. For n mere urmngemeut without numbers, see tho Manual of 
Scientific Inquiry vrcpared for tho Ute of the Navy, 1819, p. 12. In 
order to improve the old convontioniil mode of classing the stura accord- 
ing to magnitudes, a scale of photometric magnitudes, consisting in the 
addition of 0*41, as explained more in detail in Attr. Obs. at the Cape, p. 
370, has been added to the vulgar scale of magnitudes in the Outlines of 
Astronomy, n. 645, and these scales are subjoined to this portion of the 
present work, together with a list of northern and southern stars. 

t Argelander, Durchmusterungdes nordl. Himmels zwischen 45^ und 
80° Dccl, 1846, 8. xxiv.-xxvi. ; Sir John Herschel, Astr.' Observ. at the 
Cape of Good Hope, p. 327, 340, 365. 

\ Op, cit., p. 304, and OutL, p. 522. 
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Sir John Herschel has eudoavored to detemiine the rela- 
tion between the intensity of solar light and that of a star of 
the first magnitude by a photometric comparison of the moor, 
with the double star a Centauri of the southern hemisphere, 
which is the third in brightness of all the stars. He thus 
fulfilled (as had been already done by Wollaston^ a wish ex« 
pressed by John Michell* as early as 1767. Sir John Her- 
schel found from the mean of eleven measurements conduct- 
ed with a prismatic apparatus, tliat the full moon was 27,408 
times brighter than a Centauri. According to Wollasion, the 
light of the sun is 80 1 ,072 times brighter than the full moon ;t 
whence it follows that the light transmitted to us from the 
sun is to the light which we receive from a Centauri as 
22,000 millions to 1. It seems, therefore, very probable, 
when, in accordance with its parallax, we take into account 
the distance of the star, that its (absolute) proper luminosity 
exceeds that of our sun by 2^^ times. Wollaston found the 
brightness of Sirius 20,000 million times fainter than that of 
the sun. . From what we at present believe to be the paral- 
lax of Sirius (0'''230), its actual (absolute) intensity of light 
exceeds that of the sun 63 times.} Our sun : therefore be- 
longs, in reference to the intensity of its process of light, to 
the fainter fixed stars. Sir John Herschel estimates the in- 
tensity of the light of Sirius to be equal to the light of nearly 

• Philos. Tratuact.f vol. Ivii., for llio yonr 17C7, p. 234. 

t WoUnaton, iii the Philot, Transact for 1829, p. 27. Herschers 
Outlinet, p. 553. WolIa8ton|8 comparison of the light of the sun with 
that of the moon was made in 1799, and was bosed on observations of 
the shadows thrown by lighted wax tapers, while in the experiments 
made on Sirius in 1826 and 1827, images roRected from thermometer 
bulbs were emploved. The earlier ctata of the intensity of the sun*s 
liglit, compared with that of the moon, diffor widely from the rosnits 
hero given. They wore deduced by Micholo and Bulor, from tlicore^ 
ical grounds, at 450,000 and 3^4,000, and by Uouguor, from measuro- 
monts of the shadows of tho light of wax taj[)erB, at only 300,000. Lam- 
bert assumes Venus, in her greatest intensity of light, to bo 3000 times 
fiiinter than tho full moon. According to Stoinheil, the sun munt be 
3,286,500 times further removed from the earth than it is, in order to 
appear like Arcturus to the inhabitants of our planet (Stnive, Steflarum 
CompoaUarvm Mensura Mi€rometrie€e, p. clxiii.) ; and, according to 
Sir John Herschel, the light of Arcturus exhibits only half the intensity 
of danopus. — Herschel, Observ. al the Cape, p. 34. All these conditions 
of intensity, more especially the important comparison of the bright 
ness of Uie sun, the full moon, and of the ash-colored light of our satet 
lite, which varies so greatly according to the different positions of the 
earth considered as a reflecting body, deserve further and serious iii> 
restigation. 

X OtUl. of Atlr., p. 553 ; Attr, Observ, at tKe Cape, p. 363. 
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two hundred Btan of tho sixth magnitude. Since it ifl yery 
probable, from analogy with tho experimonta already made, 
that all cosmical bodies are subject to variations both in their 
movements through space and in the intensity of their light, 
although such variations may occur at very long and unde* 
termined periods, it is obviouSi considering the dependence 
of all organic hfo on the sun's temperature and on the intens- 
ity of its light, that the perfection of photometry constitutes 
a great and important subject for scientific inquiry. Such 
an improved condition of our knowledge can render it alone 
possible to transmit to future generations numerical determ- 
inations of the photometric condition of the firmament. By 
these means we shall be enabled to explain numerous geog- 
nostic phenomena relating to the thermal history of our at* 
mospheret and to the earlier distribution of plants and ani- 
mals. Such considerations did not escape the inquiring mind 
of William llorsohel, who, more tlian half a century ago, be- 
fore tho close connection between electricity and magnetism 
had boon discovered, compared the ever-luminous eloud-en- 
vulopcs of tho suu*s body with the ihAixt light of our own ter- 
restrial planet.*' 

Arago has ascertained that the most certain method for 
the direct measurement of the intensity of light consists in 
observing the complementary condition of the colored rings 
seen by transmission and reflection. I subjoin in a note,t in 

* William Herschel, On the Nature of the Sun and Fixed Start, in 
the Philos, Transact, for 1795, p. 62 ; and On the Changes that happen 
to the Fixed Stan, in the Philos, Transact, for 1796, p. 186. Compare 
also Sir John Herschol, Observ. at the Cape, p. 350-352. 

i Extract of a Letter from M, Arago to M,'de Humboldt, May, 1850. 

(a.) Meeures Photomitriques, 

** n n'exiflte pas de photom^tre proprement dit, c'est-A-dire d'inatm- 
ment doonant r intensity d'une lumidre isolde ; le photom^tre de Les- 
lie, k I'aide diiquel il avait eu Paudace de vouloir comparer la lumidro 
do In luno k la lumi6ro dti suloil, par dos nctinns calonfiquos, est com- 
[ddtoiiioiit ddfocttioux. J'al prouvd, en ciTttt, qno co ^irotendu photo- 
ni6tro nuuito quiuid on rox|K)Bu k la luuii^ro du soluil, qu*il descend 
sous Taction do la lumi6ro tin fou ordinaire, ot qu'il resto compldte- 
ment stutionnaire lorsquMl re^oit la lumidro d'une lampe d'Argand. 
Tout ce qu'on a pu faire jusqu'ici, c'est de comparer entr elles deux lu- 
mitres en prince, et cette comparaison n*est mdme k Tabri de toute 
objection quo lorsqu'on Famine ces deux lumidres k I'^galit^ par tm 




lenr iM>hit do c«>ntact dos Hiinouux color6i t^int ^Nir voio do v6doxion r|iie 
par voi ) do transmission. Los onnonux r^tltehis sout compl6mentairo» 
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his own words, the results of my friend's photometric method, 
to which ho has added an account of tho optical principle 
on which his cyanometer is hased. 

en couleor des anneaoz transmiB ; ces deux series d'anneaox se noa- 
tralisent mutuellement quand lea denx luinidres qui lea forment et qui 
arrivent simulton6moiit sur los deux lentilles, sont 6galos entr'ellof . 

" Dans lo cos contniiro on volt des traces ou d'nnnoaux rdfldchis ou 
d'anneaux transmis, snivaut quo la lumi6ro qui formo los promiors, est 
plus fortu ou plus foiblo quo la luRii6ro 4 laquollo on doit los soconds. 
O'oflt dans co sens souloinont quo los annoaux color^ Jouont un r61e 
dans les mesores do la lumidro auxquelles je me suis livr^" 

(6.) Cyanomitre* 

^ " Men cyanom^tre est une extension do mon polariscope. Ge der- 
nier instrument, comme tu sais, so compose d*un tube ferm^ k Pune de 
ses extr^mites jpar une plaque de cristal de rocho perpendiculaire k 
Paxe, de 5 millimetres d^^paisseur; et d'un prisme dou^ de la double 
r6fraction, plac6 du cdt6 de Poeil. rarini les couleurs varices que 
donne cet appareil, lorsque de la lumi^re polarise le traverse, et qiron 
lait toumer 10 prisme sur lui-m6me, so trouve par un heureux hasard la 
nuance du bleu do ciel. Oette couleur bleue fort affaiblie, c*e8t>4-dire 
tr^s m^lang^e de blanc lorsque la lumi^re est presque neutre, auff- 
mente d'inteusit^ — ^progressiveraent, k mesure que les rayons qui p^ne- 
trent dans I'instrument, renfermont une plus grande proportion de ray* 
ons polarise. 

** Supposons done que le polariscope soit dirig6 sur une feuille de pa- 
pier blanc ; qu'entre cette feuille et la lame de cristal de roche il ex- 
iste une pile de niaqnos de verre susceptible de changer d'inclinaison, 
en qui rbndra la iumi6ro 6clairanto du papier plus on moius po]aris6o; 
la coulour blouo foumio par Dnstrumont va ou auffmontiuit uvoc Pin- 




par 

la pile. 6i cotto domi^ro partio do Pinstrumont so com|>oso du mAmo 
nnmbrc do plnqucs ot d'uue m6mo esp^co de vorro, les observations 
fiiites dans divers lieux seront pariaitement comparables ontr'elles." 

(a.) Photometric Measuremenit, 

** There does not exist a iihotorootor properly so caUod, that is to 
say, no instrument giving the intensity of an isolated light ; fur Leslie's 
photometer, by means of which he boldly supposed that ho could com 
pare the light of the moou with that of the sun, by their caloric actions, 
IS utterly defective. I found, in fact, that this pretended photometer 
rose on being exposed to the li^ht of the sun, that it fell when exposed 
to a moderate fire, and that it remained altogether stationary when 
brought near the light of an Argand lamp. All that has hitherto been 
done nas been to compare two lights when contiguous to one another; 
but even this comparison can not be relied on unless the two lights be 
equalized, the stronger being gradually reduced to the intensity of the 
feebler. For the purpose ofjudgiug of ttiis iuonuality I employed col- 
ored rings. On placing on one another two lenses of a great focal 
length, colored rings will be formed round their point of contact as 
much by means of reflection as of transmisron. Tue colors n( the rn 

Vol. III.— E 
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The Bo-called relations of the magnitude cf the fixed start 
as given in our catalogues and maps of the stars, sometimes 
indicate as of simultaneous occurrouco that which belongs to 
yery different periods of cosmical alterations of light. The 
order of the letters which, since the beginning of the seven- 
teenth century, have been added to the stars in the general- 
ly consulted llranometria Bayeri, are not, as was long sup- 
posed, certain indications of these alterations of light. Arge- 
lander has ably shown that the relative brightness pf the 
stars can not be inferred from the alphabetical order of the 
letters, and that Bayer was influenced in his choice of these 
letters by the form and direction of the constellations.* 

fleeted rings are complementary to those of the transmitted rings; these 
two series of rings neutralize one another when the two lights by which 
they are formed, and which fall simultoneonsly on the two lenses, are 
equal. 

** In the contrary coso, wo meet witli traces of reflected or transmit- 
ted rings, occording iis the liglit by which the former are produced is 
stronger or fainter tlian that from which th« latter ore formed. It is 
only in this mannor that colored rings can ha scid to come into play in 
those photometric measurements to which I havA directed my atten- 
tion.»» 

(6.) Cyarunneter, 

** My cyanometer is an extension of my nolariscope. This latter in- 
strument, as you know, consists of a tube closed at ono end b}r a plate 
of rock crystal, cut perpendicular to its axis, and 5 millimetres in tiiick- 
ness ; and of a double rofrocting prism placed near the part o which 
the eye is applied. Among the varied colors yielded by tnis apparatus, 
when it is traversed by polarized light and the prism turns on itself, wc 
fortunately find a shade of azure. This blue, which is very faint. tha< 
is to say, mixed with a large quantity of white when the light is elmc<i« 
neutral, gradually increases in intensity in proportion to the quantity ol 
polarized rays wnich enter tlio instrument. 

** Let us suppose the polariscope directed toward a sheet of white 
paper, and that between this paper and the plate of rock crystal there 
IS a pile of glass plates capable of being vanously inclined, by which 
means the illuminating lient of the paper would be more or less polar- 
ized ; the blue color yielded by the instrument will eo on increasing 
with the inclination of the pile ; and the process must be continued un- 
til tlie color api>ears of the same intensity with the region of the atmos- 
phere whose cyanomctrical tin^e is to be determined, and which is 
seen by the naked eye in the immediate vicinity of the instrument. 
The amount of this color is given by the inclination of the pile ; and if 
this portion of the apparatus consist of the same number of plates formed 
of the same kind oi glass, observations made at different places may 
readily be compared together." 

* Argelandor, Dejide UranomelruB Bayeri^ 1842, p 14-23. ''In oa- 
dem citisso litturu prior majorom sploudorcm nuUo mode iudicat" ($ 
0). Diiver did not, thoroforo, show that the light of Oastor was more 
intense in 1603 than tliat of Pollux. 
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PHOTOMETRIC ARRANGEMENT OF THE FIXED STARS. 

1 close this section with a table taken from Sir John Herschel's Ovi 
ine9 of Astronomy t P* 645 and 646. I aofi indebted for the mode of ita 
arrangement, and tor the following laoid exposition » to my learned 
^Hend Dr. Galle, from whose communication, addressed to me m March, 
1850, 1 extract the subjoined observations : 

*' The numbers of the photometric scale in the Outlines of AstroU' 
omy have been obtained by adding thronghoat 0*41 to the results calcu- 
lated from tlio vulgar scale. Sir John Uerschol arrived at these more 
exact determinations by observing their "sequences" of brightness, and 
bv combining these observations with the average ordinary data of mag- 
mtudes, especially on those siven in the catalogue of the Astronomical 
Society for the year 1827. See Obterv, at the Cape, p. 304-352. The 
actual photometric measurements of several stars as obtained by the 
Astix)meter (op. eit., p. 353), have not been directly employed in Uiis 
catalogue, but nave only served generally to show the relation existing 
between the ordinary scale (of 1st, 2d, 3d,' &c!, magnitudes) to the act- 
ual photometric quantities of individual stars. Tnis comparison has 
Slven the singular result that our ordinary stellarmagnitudes ( 1, 2, 3 . . .) 
ecrease in aoout the same ratio as a star of the first magnitude when 
removed to the distances of 1, 2, 3 ... by which its brightness, accord- 
ing to photometric law, would attain the values 1, |th, }th, i^th . . . 
(Obterv. at the Cape, p. 371, 372 ; OutKwx, ]). 521, 522) ; in order, how- 
ever, to make this accordance still greater, it is only necessary to niiso 
our previously adopted stellar magnitudes about half a magnitude (or, 
more accurately considered, 0'4I), so that a star of the 2*00 magnitude 
would in future be called 2*41, and star of 2*50 would become 2*91, 
and so forth. Sir John Ilerschel therefore proposes that this ** photo- 
metric*' (raised) scale shall in future bo adopted (Obterv. at the Cape, 
p. 372, and Outlinet, p. 522 )^a proposition in which we can not fail to 
concur ; for while, on the one hand, the diiTerence from the vulgar scalo 
would hardly be felt (Obterv. at the Cape, p. 372), the table in the Out- 
linet (p. 045) may, on the other hand, aierve as a basis for stars down 
to the fourth magnitude. The doterminations of the magnitudes of the 
stars according to the rule, that the brightness of the stars of the first, 
second, third, fourth magnitude is exactly as 1, |th, |th, |^th ... as is 
now shown approximatively, is therefore already practicable. Sir John 
Herschel employs a Centauri as the standard star of the first magnitude 
for his photometric teale, and as the unit for the quantity of light (Out- 
linet, p. 523 ; Obterv. at the Cape, p.^ 372). If, therefore, we take the 
square of a star's photometric magnitude, we obtain the inverse ratio 
or the quantity of its light to that of a Geutouri. Thus, for instance, if 
K Ononis have a photometric magnitude of 3, it consequently has {th 
of the light of a Centauri. The number 3 would at the same time in- 
dicate that K Ononis is 3 times more distant from us than a Centauri, 
provided both stars be bodies of equal ma^itude and brightness. If 
another star, as, for instance, Sirius, which is four times as bright, were 
chosen as the unit of the photometric magnitudes indicating distances, 
the above conformity to law would not bo so simple and easy of recog- 
nition. ' It is also worthy of notice, thot the distance of a Oontauri has 
been ascertained with some probability, and that this distance is the 
smallest of any yet detorminea. Sir John Hen chel demonstrates ( Out' 
Unet, p. 521) the inferiority of other scales to the photometric, which 



too 

pngrenM In ord« of tlie •qoirei, I, Jth, }th, ^^tb ... Ho ItkowiM 
(reata of geometric progreuioci, ai, for initaooo, 1, i, J^tli, Jtfa, ... or I, 

jd, ^lk, ^f Ih Tlio gradatioui employed by younalf in your ob* 

tetrtlioiii under the equalor, during your Iraveti in America, are ar- 
ranged in a kiudof arilDmeticalprogreuion (Rtfueil ^Oiitrw. A^Te»,, 
voL i., p. Ixzi., and Scbnmacber'* .>l>Jrei>. liaekr.. No. 371). TbeM 
■calea, boWever, conwpaod Um cIohI; than the pliotometnc aoale of 
progreuioo (by «quarei) with the volxar icBla. In tbe IbUowing labia 
tfae 100 ilari liave been giren from the OhIKium, nitfaoat rafereDce to 
their declioatioiii whether lOulham or northern, being arranged Mlelj 
in accordance with their maguiludei." 
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3-64 
3H7 
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300 
201 
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362 
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309 
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3-TI 
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3-78 
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3-82 
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300 
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301 
303 
304 
3 94 
395 
3-98 
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3 97 
398 
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2'93 

206 
105 

I'oe 

2 09 
JOO 

300 
302 
303 
303 
303 
30* 
30* 
B04 
304 
308 
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309 
3-10 

a-13 

313 
318 
3-19 
3-21 
331 
323 
333 
320 
330 
3-37 
350 
3-30 
331 
n-3! 
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333 
3afi 
3-35 
336 

3 37 
3 37 
3-38 
338 
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V Scorpii 

i OriotiiB 

7 Lyncls 

( Draconis 

)r SaBitlarii 

IT HorcullH 

a Can.inia.1... 

f Tauri 

i Draconis 

ft Geminoium .. 

y Doolia 

t Gecnlnorum.. 

U MUBCEB 

a Hydril 

d Herculia 



it Qoniinoruoi... 

P Ofionla 

P Cejiliei 

dUrsffl 

f Hydra 

Y Hyd™ 

t Triang. auatr. . 
~ I Uraffi 

U Aarisee 

y l-y™ 

q GsminoTum 

r Cephei 

c Casaiapeiie 

SAqQilae 

ff Scorpii 

r Arefla 



" The following short table of the photomotrio quftntitiea 
of Bovcntcon stars of the first magnituilo (as obtained fiom 
tlio photometric scale of magnitudes) may not bo devoid of 
intoreat :" 



Siiiua 4'165 

») Atgufl 

OauopuB 2041 

oOontauri 1-000 

Arcturus 0-718 

Eigel 0-661 

Oapella 0-510 

oLytK 0-510 

Prooyon 0-510 



aOrionia 0-489 

aEridoni 0-444 

Aldobaran. . .0*444 

/BCentauri 0401 

oCrucia 0-391 

Antaies 0-391 

aAquilEB 0-350 

SpioEi 0'312 



" The following ia tho pbotomettio quantity of atara strict- 
ly belonging to the 1st, 2d 6tb magnitudes, in which 

the quantity of the tight of a Oentauri is regarded as the 
unit:" 



100 
200 
300 



«(UgllL 

0-600 
172 
0-086 



Ma^ltudfl on 
tlio vulgnr HuUflr 

4'00 
500 
6-00 



<,ii°giit 
0051 
0034 



III. 

HUMBER, DISTRIBUTION, AND COLOR OF THE FIXED STARS.— STEL- 
LAR MASSES (STELLAR SWARMS)^TUE MILKY WAY INTERSPERSED 
WrrU A FEW NEBULOUS SPOTS. 

Wo havo already, in tho first scciion of this fragmentary 
Astrognosy, drawn attention to a question first mooted by 
Olbers.* If the entire vault of heaven were covered with 
innumerable strata of stars, one behind the other, as with a 
wide-spread starry canopy, and light were undiminished in 
its passage through space, the sun would be distinguishable 
only by its spots, the moon would appear as a dark disk, 
and amid the general blaze not a single constellation would 
be visible. During my sojourn in the Peruvian plains, be- 
tween the shores of the Pacific and the chain of the Andes, 
I was vividly reminded of a state of the heavens which, 
though diametrically opposite in its cause to the one above 
referred to, constitutes an equally formidable obstacle to hu- 
man knowledge. A thick mist obscures the firmament in 
this region for a period of many months, during the season 
called d tiempo de la garua, Not a planet, not the most 
brilliant stars of tho southern hemisphere, neither Ganopus, 
the Southern Gross, nor tho feet of tho Gentaur, are visible. 
It is frequently almost impossible to distinguish tho position 
of tho moon. If by chanco tho outline of tho sun's disk bo 
visible during tho day, it appears devoid of rays, as if soon 
through colored glasses, being generally of a yellowish red, 
soiiie times of a white, and occasionally even of a bluish green 
color. The mariner, driven onward by the cold south cur- 
rents of the sea, is unable to recognize the shores, and in the 
absence of all observations of latitude, sails past tho harbors 
which he desired to enter. A dipping needle alone could, 
as I have elsewhere shown, save him from this error, by the 
local direction of the magnetic curves.f 

Bouguer and his coadjutor, Don Jorge Juan, complained, 
long before me, of tho " unastronomical sky of Peru." A 
graver consideration associates itself with this stratum of 
vapors, in which there is neither thunder nor lightning, in 
consoquonco of its incapacity for tlio transmission of light or 
electric charges, and abovo wliicli tho Gordilleras, froo and 
cloudless, raise their elevated plateaux and snow-oovered 

• ViJ^ avpra, p. 38, Riul noln. 

t Coitnot veil u, p. 178. and note. 



104 COSMOS. 

summits. According to what modem geology has taught ut 
to conjecture regarding the ancient history of our atmosphere, 
its primitive condition, in respect to its mixture and density, 
must have been unfavorable to the transmission of light. 
When we consider the numerous processes which, in the pri- 
mary world, may have led to the separation of the solids, 
fluids, and gases around the earth's surface, the thought in- 
voluntarily arises how narrowly the human race escaped be- 
ing surrounded with an untransparent atmosphere, which, 
though perhaps not greatly prejudicial to some classes of 
TCgetation, would yet have completely veiled the whole of 
the starry canopy. All knowledge of the structure of the 
universe would thus have been withheld from the inquiring 
spirit of man. Excepting our own globe, and perhaps the 
sun and the moon, nothing would have appeared to us to 
have been created. An isolated triad of stars — the sun, the 
moon, and the earth — ^would have appeared the sole occu- 
pants of space. Deprived of a great, and, indeed, of the sub- 
limest portion of his ideas of the Cosmos, man would have 
been left without all those incitements which, for thousands 
of years, have incessantly impelled him to the solution of 
important problems, and. have exercised so beneficial an in- 
fluence on the most brilliant progress made in the higher 
spheres of mathematical development of thought. Before 
we enter upon an enumeration of what has already been 
achieved, let us dwell for a moment on the danger from 
which the spiritual development of our race has escaped, and 
the physical impediments which would have formed an im- 
passable barrier to our progress. 

In considering the number of cosmical bodies which fill 
the celestial regions, three questions present themselves to 
our notice. How many fixed stars are visible to the naked 
eye ? How many of these have been gradually catalogued, 
and their places determined according to longitude and lat- 
itude, or according to their right ascension and declination ? 
What is the number of stars from the first to the ninth and 
tenth magnitudes which have been seen in the heavens by 
means of the telescope ? These three questions may, from 
the materials of observation at present in our possession 
be determined at least approximatively. Mere conjectures 
based on the gauging of the stars in certain portions of the 
Milky Way, differ from the preceding questions, and refer to 
the theoretical solution of the question : How many stars 
might be distinguished throughout the whole heavens with 
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HerBchers twonty-feot telescope, including the stellar light, 
"which is supposed to require 2000 years to reach oui 
earth ?"* 

The numerical data which I here puhlish in reference to 
this subject are chiefly obtained from the final results of my 
esteemed friend Argelander, director of the Observatory at 
Bonn. I have requested the author of the Durchmusterung 
de$ noi'dlichen Ilimmcls {Suney of tlie JNbrtltcrn Ileav* 
ens) to submit the previous results of star catalogues to a 
new and careful examination. In the lowest class of stars 
visible to the naked eye, much uncertainty arises from or- 
ganic difierence in individual observations ; stars between 
the sixth and seventh magnitude being frequently confound- 
od with those strictly belonging to the former class. "We 
obtain, by numerous combinations, from 6000 to 5800 as the 
mean number of the stars throughout the whole heavens vis- 
ible to the unaided eye. Argelanderf determines the distri- 

* On the space-ponetniting power of telescopes, see Sir John Her- 
scbel, Outlinet of Adr,, $ 80f 




Argelander* 
remarks frc 

recommended Captain Schwink to estimate from his Mappa CcBlestis 
the total number of stars from the first to the seventh magnitnde in- 
clusive, which the heavens appeared to contain ; his calculations give 
12,148 stars for the space between 30° south and 9(P north declination ; 
and consequently, if we conjecture that the proportion of stars is the 
same from 30° S. D. to the South Pole, we should have 16,200 stars of 
the above-named magnitudes throughout the whole firmament. This 
ostimnto sooms to me to opproximnto very nearly to tho truth. It is 
well known that, on considering tho wholo mass, wo find each class 
contains about three times as many stars as the one preceding. (Struve, 
Catalogut Stdlarum du^iciunif p. xxxiv. ; Argelander, Bomner Zonen, 
8. xxvi.) I have given m my Uranomctria 1441 stars of tho sixth mag- 
nitude north of the eaiiator, whence we should obtain about 3000 for 
the wholo hoavons; tnis estimate dooi not, however, include tho stars 
of tho 0*7 mag., which would bo rockonod among thoso of tho sixth, if 
only entire classes wore admitted into tho calculation. I think tho 
number of tho last-named stArs might be assumed at 1000, acconling 
to tho above rule, which would give 4000 stars for tho sixth, and 12 000 
for the seventh, or 18,000 for the first to tho seventh inclusive. From 
other considerations on the number of the stars of tho seventh magni- 
tude, as ^iven in my zones— namely, 2257 (p. xxvi.), and allowiuK for 
those which have been twice or oftener observed, and for those which 
have probably been overlooked, I approximated somewhat more nearly 
to the truth. By this method I found 2340 stars of the seventh magni- 
tude between 45° and 80° N. 1)., and, tlioroforo, nearly 17,000 for tho 
whole heavens. Struve, in his Deseripiion de VObteroaioire de Paul* 
hova, p. 268, gives 13,400 for the number of stars down to the seventh 
magnitude in the region of tho heavens explored by him (from — 15° 

E 2 
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IstMag. SdMng. 3d Mag. 4th Mag. SdiMag. 

20 65 190 425 1100 

6th Mag. 7th Mag. 8th Mag. 9th Mag. 

3200 13,000 40,000 142,000 

The number of stars distinctly visible to the naked eye 
f amounting in the horizon of Berlin to 4022, and in that of 
Alexandria to 4G38) appears at first sight strikingly small.* 
If wo assumo the moon's moan somi-diamotor at 15' 33''*5, 
it would roquiro 195,291 surfaces of the full moon to cover 
the whole heavens. If wo further assumo that tlio stars are 
uniformly distributed, and reckon in round numbers 200,000 
stars from tho first to the ninth magnitude, we shall have 
nearly a single star for each full-moon surface. This result 
explains why, also, at any given latitude, the moon does not 
more frequently conceal stars visible to the naked eye. If the 
calculation of occultations of the stars were extended to those 
of the ninth magnitude, a stellar eclipse would, according to 
Galle, occur on an average every 44' 30", for in this period 
the moon traverses a portion of the heavens equal in extent 
to its own surface. It is singular that Pliny, who was un- 
doubtedly acquamted with Hipparchus's catalogue of stars, 

and -{-90^ observed by Lalande. As this space is 0*72310 of the whole 
heavens, we should a^in have for this zone 5255 stars visible to ihe 
naked eye. An exanunation of Bode's Uranography (containing 17,240 
stars), which is composed of tlie most hetorogonoous elements, does not 
give more thnn 5G00 stars from tlio first to tho siztli magnitude inclusive, 
afler deducting the nebulous spots and smaller stars, as well as those 
of tho 6*7th magnitude, which tinve been raised to tho sixth. A simt- 
Inr offtimnto of tlio stnhi registered by La Onillo botwoon tho south polo 
and tho tropic of Capriconi, and Varying from the first to the sixth mag- 
nitude, presents for the whole heavens two.limits of 3960 and 5900, and 
tlius confirms the mean result already given by yourself. You will 
perceive that I have endeavored to fulfill your wish for a moro thor- 
ough investigation of these numbers, and I may further observe that M. 
Heis, of Aix-la-Chapelle, has. for many years boon engaged in a very 
careful revision of my Uranometrie* From tlie portions of this work 
already complete, ana from the great additions made to it by an observ 
er gifted with keener sight than myself, I find 2836 stars from the first 
to the sixth magnitude inclusive for the northern hemisphere, and therti^ 
foro, on the presupposition of equal distribution, 5672 as the number 
of stars visible throughout the whole firmament tQ. the keenest unaided 
vision." (From the Manuserijd* ofProfestor ArgeUmder, March, 1850.) 
* Schuoert reckons the number of stars, from the first to tho sixth 
magnitude, at 7000 for the whole heavens (which closely approximates, 
to tlie calculation made by myself in Cotmott vol, i., p. 150), and up 
ward of 5000 for tho hori/^on of Paris, lie gives 70,000 for the whole 
sphere, including stars of the ninth mngnitudo. (AtlronomUf th. i^i., s. 
54.) These numbers ore nil much too higli, Argelander finds only 
58,000 from tho first to tho eiglith inngnitndo. 
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and who commentfl on his boldness in attempting, as it wore, 
" to leave heaven as a heritage to posterity," should have 
enumerated only 1600 stars visible in tlie fmo sky of Italy !* 
In this enumeration he had, however, descended to stars of 
the fiflh, while half a century later Ptolemy indicated only 
1025 stars down to the sixth magnitude. 

Since it has ceased to be the custom to class the fixed stara 
merely according to the constellations to which they belong, 
and they have been catalogued according to determinations 
of place, that is, in their relations to the great circles of the 
equator or tlie ecliptic, the extension as well as the accuracy 
of star catalogues has advanced with the progress of science 
and the improved construction of instruments. No catalogues 
of the stars compiled by Timocharis and Aristyllus (283 B.C.) 
have reached us ; but although, as Hipparchus remarks in 
the fragment '' on the length of the year," cited in the sev- 
enth book of the Almagest (cap. 3, p. xv., Halma), their ob- 
servations were conducted in a very rough manner {ndw 
bXoax^P<^c)t there can be no doubt that they both determ- 
ined the declination of many stars, and that these determin- 
ations preceded by nearly a century and a half the table of 
fixed stars compiled by Hipparchus. This astronomer is said 
to have been incited by the phenomenon of a new star to 
attempt a survey of the whole firmament, and endeavor to 
determine the position of the stars ; but the truth of this 
statement rests solely on Pliny's testimony, and has oflen 
been regarded as the mere echo of a subsequently invented 
tradition.! It does indeed seem remarkable that Ptolemy 
should not refer to the circumstance, but yet it must be ad- 
mitted that the sudden appearance of a brightly luminous 

* ** Patrocinatur vostitas cgbU, immensa disoreta altitudine, in duo at- 

2ae septuaginta signa. Hsc sunt rerum et animantium effigies, in quas 
igessoro coalum periti. In his quidem mille sexcentas adnotavere Stel- 
las, iusignes videlicet efiuctuvisuvo" .... Flin., ii., 41. ''Hipparchus 
nunquam satis laudatus, ut quo nemo magis approbaverit cognationom 
oum homine siderum animasque nostras partem esse ccsli, novam stel 
lam et aliam in oivo suo geuitam deprehoudit, ejusque motu, qua die 
fulsit, ad dubitationem est adductus, anne hoc saopius fieret moveren- 
turque et esB quas putamus aiBxas ; itemque ausus rem etiam Deo im« 
probam, adnumerare posteris Stellas ac sidera ad nomen expungere, or- 
ganis exco^tatis, per quss singnlarum loca atque magnitudines signaret, 
ut facile discemi posset ex eo, non mode an obirent nascerenturve, sed 
an omnino aliqua transirent moverenturve, item an crescerent minue* 
renturque, cgdIo in hereditate cunctis relicto, si quisquam qv\ cretionem 
eam caperet inventus esset.*' — Plin., ii., 20. 

t Dolumbre, Ilisi. de VAttr. Anc»t torn, i., p. d90,and Hisi^ de VJttr* 
hIod.i tom. ii., p. 180. 
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star in Cassiopeia (November, 1572) led Tycho Brahe to 
compose his catalogue of the stars. According to an ingen- 
ious conjectiure of Sir John Hersohel,* the star referred to by 
Pliny may have been the new star which appeared in Scorpio 
in the month of July of the year 134 before our era (as we 
learn from the Chinese Annals of the reign of Wou-ti, of the 
Han dynasty). Its appearance occurred exactly six years 
before thd epoch at which, according to Ideler's investiga- 
tions, Hipparchus compiled his catalogue of the stars. Ed- 
ward Biot, whose early death proved so great a loss to science, 
found a record of this celestial phenomenon in the celebra- 
ted 'Collection of Ma-tuan-lin, which contains an account of 
all the comets and remarkable stars observed between the 
years B.C; 613 and A.D. 1222. 

The tripairtite didactic poem of Aratus,t to whom we are 
indebted K>r the only remnant of the works of Hipparchus 
that has come down to us, was composed about the period of 
Eratosthenes, Timocharis, and Aristyllus. The astronomical 
non-meteorological portion of the poem is based on the ura- 
nography of Eudoxus of Cnidos. Tho catalogue compiled by 
Hipparchus is unfortunately not extant ; but, according to 
Ideler,$ it probably constituted the principal part of his work, 
cited by Suidas, " On the arrangement of the region of the 
fixed stars and the celestial bodies," and contained 1080 de- 
terminations of position for the year B.C. 128. In Hippar- 
chus's other Commentary on Aratus, the positions of the stars, 
which are determined more by equatorial armilke than by 
tlie astrolabe, are referred to the equator by right ascension 
and declination ; while in Ptolemy's catalogue of stars, which 
is supposed to have been entirely copied from that of Hip- 
parchus, and which gives 1025 stars, together with five so- 
called nebula), they are referred by longitudes and latitudes 

* Outlines^ $ 831 ; Ed word Diot, Bur Icm Etoila Extraordmairet ob» 
serv6et en Chine, m tho Connautanee det tempt pour 1846. 

t It is worthy of remark that Amtus was meutionod witli approba- 
tion almost simultaneously by Ovid (Amor., i., 15) and by the Apostle 
Paul at Athens, in an earnest discourse directed against the Epicureans 
and Stoics. Paul (Aett, ch. xvii., v. 28), although he does not mention 
Aratus by name, undoubtedly refers to a verso composed by him (Pkwn,, 
V 5) on the close communion of mortals with the Deity. 

t idelor, Untertuehungen ttber den Urtprung der Stemnamen, 8. xxx.- 
xxzv. Daily, in tho Afem. of the AHron, 8oc,, vol. xiii., 1843, p. 12 and 
15, also treats of tho years nccordinff to onr orn, to which wo must rofor 
tho observations of Aristyllus, as woil as tho cntnlogiios of tho stars conrb 

Siled by Hipparchus (128. ond not 140, D.O.) and by Ptolemy (138 
,D.). 
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to the ecliptic > On comparing the number of fixed stars in 
the Hipparch>Ftolemaic Catalogue, Almagest, ed. Halma, 
t. ii., p. 63 (namely, for the first mag., 15 stars ; second, 45 ; 
third, 208 ; fourth, 474; fifth, 217; sixtli, 49), with the 
numbers of Argelander as already given, we find, as might 
be expected, a great paucity of stars of the fifth and sixth 
magnitudes, and also an extraordinarily large number of 
those belonging to the third and fourth. The vagueness in 
the determinations of the intensity of light in ancient and 
modern times renders direct comparisons of magnitude ex- 
tremely uncertain. 

Although the so-called Ptolemaic catalogue of the fixed 
stars enumerated only one fourth of those visible to the naked 
eye at Khodes and Alexandria, and, owing to erroneous re- 
ductions of the precession of the equinoxes, determined theii 
positions as if they had been observed in the year 63 of our 
era; yet, throughout the sixteen hundred years, immediately 
following this jJbriod, we have only, three original catalogues 
of stars, perfect for their time ; that of Ulugh Beg (1437), 

* Compare Dolambre, Hist, de VAslr. Ane., torn, i., p. 184 ; torn, ii., 
p. 260. The assertion that Hipparchus, in addition to the ri^ht ascen- 
sion and declination of the stars, also indicated their positions in his 
catalogue, according to longitude and latitude, as was done by Ptolemy, 
b wholly devoid of probauilitv and. in 'direct variance with the Almo' 
geti, book vii., cap. 4, where this reference to the ecliptic is noticed as 
something new, by whicif the knowledge of the motions of, the fixed 
stars round the pole' of the ecliptic ma^ be facilitated. . The table of 
stars with the' longitudes attached, which Petrus Victorius found in a 
Medicean Oodex, and published with the life of Aratus at Florence in 
1567, is indeed ascribed by him to Hipparchus, but without any proof. 
It appoari to bo a more rescript of Ptolemy's catalogue from an old 
manuscript of the Almagest, and does not give the latitudes. ■ As Ptole- 
my was imperfectly acouainted with the amount of the retrogression of 
the equinoctial and solstitial points (Almag., vii., c. 2, p. 13, Halma), 
and assumed it about ^^ too slow, the catalogue which he determined 
for the beginning of the reign of Antoninus (Idelor, op. 'eU., s. xzxiv.) 
indicates tho positions of tlio stars at a much earlier epoch (for the year 
63 A.D.). (llogarding tho improvementa for reducing stars to the time 
of Hipparchus, see tho observations and tables as given by Bncke in 
Schumacher's Atlron. Nachr.t No. 608, s. 113-126.) Tho earlier epoch 
to which Ptolemy unconsciously reduced the stars in his catalogue cor- 
responds tolerably well with the period to which we may refer the 
Pseudo-Eratosthenian Oatasterisms, which, as I have already elsewhere 
observed, are more recent than the time of Hyginus, who lived in the 
Augustine age, but appear to be taken from him, and have no, connec- 
tion with the poem or Hermes by the true Eratosthenes. , (Eratoathenu 
ea, ed. Bemhardy, 1822, p. 114, 116, 129.) These Pseudo-Eratosthe- 
nian Catasterisms contain, moreover, scarcely 700 individual stars dis> 
tributed among the mythical constellations. 
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that of Tycho Brahe (1600\ and that of Hevelius (1660). 
During the short intervals ol repose which, amid tumultuous 
revolutions and devastations of war, occurred hetween the 
ninth and fifteenth centuries, practical astronomy, under 
Arabs, Persians, and Moguls (from Al-Mamun, the son of the 
great Haroim Al-Raschid, to the Timurite, Mohainmed.Tar- 
aghi Ulugh Bog, the son of Shah Rokh), attained an emi- 
nence till then unknown. The astronomical tables of Ebn- 
Junis (1007), called the Ilakemitic tables, in honor of the 
Fatimito calif, Aziz Beu-Hakom Biamrilla, aflbrd evidence, 
as do also the Ilklianic tablois* of Nassir-Eddin Tusi (who 
founded the great observatory at Meragha, near Tauris, 1259), 
of the advanced knowledge of the planetary motionsr— the 
improved condition of measuring instruments, and the mul- 
tiplication of more accurate methods difiering from those em- 
ployed by Ptolemy. . In addition to clepsydras,! pendulum- 
oscillations} were already at this period employed in the 
measurement of time. 

The Arabs had the great merit of showing how tables 
might be gradually amended by a comparison with observa- 
tions. Ulugh Beg's catalogue of the stars, originally written 
in Persian, was entirely completed from original observations 
made in the Gymnasium at Samarcand, with the exception 
of a portion of the southern stars enumerated by Ptolemy,4 

* Conmost vol. li., p. 222, 223. Tho pAris Libmry contains a mnnn- 
Kcript of tho Ilklianic Tables by tho hand of the sou of Nassir-Eddin. 
Thoy derivo their name from the title " Ilkhnn,'' assumed by the Tar- 
tar princes who held rule in Persia. — lloinaud, Introd. de la Oiogr. 
d^Aboulftda, 1848, p. cxxxix. 

' t [For an account of clepsydras, see Beekmann*s TnverUioni, vol. i., 
341, ei ieq. (Bohn*s edition).] — Ed. 

t S^illot (lis, ProUgominet des TabUi Ailr. jeOloug-Beg, 1847, p. 
cxxxiv., note 2. Delambre, HUL de VAstr, du Moyen Age^ p. 8. 

$ In my investigations on the relative voiud of astronomical determ- 
inations of position in Oentral Asia {Ane Centrales t. iii., p. 581'-596), I 
have given the latitudes of Samarcand and Bokhara according to the 
dtiTerent Arabic and Porsiau MS8. contained in tho Paris Libmry. I 
have shown that the former is probably more than 39*^ 52^, while most 
of the best manuscripts of Ulugh Bes give 39^ 37', and the Kitab aU 
aihual of Alfares, and the Kanutn of Albyruni, give i(P, I would again 
draw attention to the importance, in a geoeraimical no less than an as- 
tronomical point of view, of detorminins the longitude and latitude of 
Samarcand by new and trustworthy observations. Burnes's Travels 
have made us acquainted with tho latitude of Bokhara, as obtained from 
observations of culmination of stara, which gave 39^ 43' 41''. There is, 
therefore, (uily an error of from 7 to 8 minutes in tho two fine Persian 
and Arabic MSS. ([Nos. 164 and 2460^ of the Paris Library. Mi^or Ren- 
nell, whose combinations are generally so successful, made an error of 
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and not visible in 39^ 52' lat. (?) It contains only 1019 
positions of stars, which are reduced to the year 1437. A 
subsequent commentary gives 300 other stares observed by 
Abu-Bekri Altizini in 1533. Thus we pass from Arabs, Per- 
sians, and Moguls, to the great epoch of Copernicus, and 
nearly to that of Tvcho Brahe. 

The extension of navigation in the tropical seas, and in 
high southern latitudes, hiu, since the beginning of the six« 
teenth century, exerted a powerful influence on the gradual 
extension of our knowledge of the firmament, though in a 
less degree than that effected a century later by the appli- 
cation of the telescope. Both were the means of revealing 
new and unknown regions of space. I have already, in other 
works, considered* the reports circulated first by Americus 
Yespucius, then by Magellan, and Pigafetta (the companion 
of Magellan and Elcano), concerning the splendor of the 
southeni sky, and the dcHcripiions given by Vicente Yanez 
Piuzou and Acosta of the black patches (coal-sacks), and by 
Anghicra and Andrea Corsali of the Magellanic clouds. A 
merely sensuous coutcmplalion of the aspect of the heavens 
here also preceded measuring astronomy. The richness of 
the firmament near the* southern pole, which, as is well 
known, is, on the contrary, peculiarly deficient in stars, was 
so much exaggerated that the intelligent Polyhistor Gardanus 
indicated in this region 10,000 bright stars which were said 
to have been seen by Yespucius with the naked eye.f 

Friedrich Houtman and Petrus Theodori of Embden (who, 
according to Olbers, is the same person as Dircksz Keyser) 
now first appeared as zealous observers. They measured 
distances of stars at Java and Sumatra ; and at this period 
the most southern stars were first marked upon the celestial 
maps of Bartsch, Hondius, and Bayer, and by Kepler's in- 
dustry were inserted in Tycho Brahe's Rudolphine tables. 

Scarcely half a century had elapsed from the time of Ma- 
gellan's circumnavigation of the globe before Tycho com 
monccd his admirable observations on the positions of the 
fixed Btars, which far exceeded in exactness all that had 
hitherto beoh done in practical astronomy, not excepting even 

about 19' in determining the latitude of Dokhara. (Humboldt, AtU 
CeniraU^ t iii., p. 592, and S6dillot, in the ProUgomines tVOloug-Beg, 
p. cxxiii.-cxxv.) 

* Co9moi, vol. ii., p. 285-29C ; Humboldt, Examen CrU. de VHittoin 
tie la Giogr., t. iv., p. 321-336 ; t. v., p. 226-238. 

t Ca^dani Pora/tpameium, lib. viii., cap. 10. (Opp-t t. ix., ed. Lugd , 
16C3. p. 508 ) 
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the laborious observations of the Landgrave William 17. at 
Oassel. Tyoho Braho*8 catalogue, as revised and published 
by Kepler, contains no more than 1000 i^tars, of which one 
fourth at most belong to the sixth magnitude. This cata- 
logue, and that of Hevelius, which was less frequently em- 
ployed, and contained 1564 determinations of position for the 
year 1660, were the last which wore made by the unaided 
eye, owing their compilation in this manner to the capricious 
disinclination of the Dantzig astronomer to apply the telescope 
to purposes of measurement. » 

This combination of the telescope with measuring instru- 
ments — ^the union of telescopic vision and measurements— 
at length enabled astronomers to determine the position of 
stars below the sixth magnitude, and more especially between 
the seventh and the twelfth. The region of the fixed stars 
might now, for the first time, be said to be brought within 
the reach of observers. Enumerations of the fainter tele- 
scopic stars, and determinations of their position, have not 
only yielded the advantage of making a larger portion of the 
regions of space known to us by the extension of the sphere 
of observation, but they have also f what is still more import- 
ant) indirectly exercised an essential influence on our knowl- 
edge of the structure and configuration of the universe, on 
the discovery of new planets, and on the more rapid determ- 
ination of their orbits. When William Herschol conceived 
the happy idea of, as it wore, casting a sounding line in the 
depths of space, and of counting during his gaugings the stars 
.which passed through the field of his great telescope,* at 
difi!erent distances from the Milky Wav, the law was discov- 
ered that the number of stars increased in proportion to their 
vicinity to the Milky Way — a law which gave rise to the 
idea of the existence of large concentric rings filled with 
millions of stars which constitute the many-clei^ Galaxy. 
The knowledge of the number and the relative position of 
the faintest stars facilitates (as was proved by Galle's rapid 
and felicitous discovery of Neptune, and by that of several 
of the smaller planets) the recognition of planetary cosmical 
bodies which change their positions, moving, as it were, be- 
tween fixed boundaries. Another circumstance proves even 
more distinctly the importance of very complete catalogues 
of the stars. If a new planet be once discovered in the 
Vault of heaven, its notification in an older catalogue of po* 

• Cosmos, vol. i., p. 87-89. 
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utioiu will materially facilitate the difficult calculation of 
its orbit. The indication of a now star which has subse- 
quently boon lost sight of, frequently affords us more assist* 
ance than, considering the slowness of its motion, we can 
hope to gain by the most careful measurements of its oourse 
through many successive years. , Thus the star numbered 964 
in the catalogue of Tobias Mayer has proved of great im- 
portance for the determination of Uranus, and the star num- 
bered 26,266 in Lalande's catalogue* for that of Neptune 
Uranus, before it was ifooognizod as a planet, had, as is now 
well known, been observed twenty-one times; once, as al- 
ready stated, by Tobias Mayer, seven times by Flamstead, 
once by Bradley, and twelve times by Le Monnier. It may 
be said that our increasing hope of future discoveries of plan- 
etary bodies rests partly on the perfection of our telescopes 
(Hebe, at the time of its discovery in July, 1847, was. a star 
of the 8*9 magnitude, while.in May, .1849, it was only of the 
eleventh magnitude), and partly, and perhaps more, on the 
complotonoBS of our star catalogues, and on the exactness 
of our observers. 

The first catalogue of the stars which appeared after the 
epoch when Morin and Gascoigne taught us to combine tele- 
scopes with measuring instruments, was that of the southern 
stars compiled by Halloy. It was the result of a short resi- 
dence at St. Helena in the years 1G77 and 1678, but, singu- 
larly enough, does not contain any determinations below the 
sixth magnitude.! Flamstead had, indeed, begun his great 
Star Atlas at an earlier period ; but the work of this cele- 
brated observer did not appear till 1712. It was succeeded 
by Bradley's observations (from 1750 to 1762V which led to 
the discovery of aberration and nutation, and have been ren- 
dered celebrated by the Pundamenta AstranamicB of our 
countryman Bessel (1818),$ and by the stellar catalogues of 

* Daily, Cat, of those $tar$ in the "Histoire Colette" of Jerome de 
Lalande, for tohick tablee of reduction to the epoch 1800 have been pub* 
lished by Prof Schumacher, 1847, p. 1195. On what we owe to the 
perfection of star catalogues, soe the remarks of Sir John Herschel in 
Cat, of the British Assoc,, 1845, p. 4, $ 10. Oompare also on stars that 
have disappeared, Schumacher, Astr, Nachr,, No. 624, and Bode, Jahrbm 
fur lSi7,B 249. 

t Memoirs of the Royal Astron, Soe., vol. xiii., 1843, p. 33 and 168. 

t Bessel, Fundamenta Astronomies pro anno 1755, deducta ex obserwa* 
tionUfus viri incomparabilis James Bradley in Specula astronomica Ore- 
uovicensi,'lSlS,' Compare also Bossol, Tabula Regiomontana reduction 
num observattonum astronomicarum ab anno 1750 usque ad annum 1850 
eomputata (X^'SQ), 
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La Oaillo, Tobias Mayor, Oagnoli, Piazzi, Zach, Fond, Taylor, 
Oroombridge, Argolaiidor, Airy, Brisbane, and Rumkcr. 

We here only allude to those works which enumerate a 
great and important part* of the stars of the seventh to the 
tenth magnitude which occupy the realms of space. Tho 
catalogue known under the name of Jerome de Lalande's, 
but which is, however, solely based on observations made by 
his nephew, Fran9ois de Lalande, and by Burckhardt between 
the years 1789 and 1800, has only recently been duly appre- 
ciated. After having been carefully revised by Francis Baily, 
under the direction of the *' British Association for tho Ad- 
vancement of Science" (in 1847^, it now. contains 47,390 
stars, many of which are of the mnth, and some even below 
that magnitude. • Harding, the, discoverer of Juno, catalogued 
above 50,000 stars in twenty-seven maps. BesseFs great 
work on the exploration of the celestial zones, which comprises 
75,000 observations (made in the years 1825-1833 between 
— 15° and +45° declination), has been continued from 1841 
to 1844 witli the most praiseworthy care, as far as +80° 
docl., by Argelandcr at Bonn. Wcisso of Cracow, under the 
auspices of the Academy of St. Potorsburgh, has reduced 
31,895 stars for the year 1825 (of which 19,738 belonged to 
the ninth magnitude^ from BesseFs zones, between — 15° and 
+ 15° decl. ;t and Argelander*s exploration of tho northern 
heavens from +45° to +80° dccl. contains about 22,000 
well-determined positions of stars. 

* I here compress into a note the numerical data taken from star cat- 
oloffaes, containing lesser masses and a smaller number of positions, 
with the names of the observers, and the number of positions attached: 
La Gaille, in scarceljr ten months, during the years 1751 and 1752, with 
instruments magnifying onl^ eight times, observed 9766 southern stars, 
to the. seventh magnitude inclusive, which were reduced to the year 
1750 by Henderson ; Tobias Mayer, 998 stars to 1756 ; Flamstead, orig- 
inally only 2866, to which 564 were added by Daily's care (Mem, of ike 
AHr, Soe.f vol. iv., p. 1291-64); Bradley, 3222, reduced by Dessol to 
the year 1755; Fond, 1112; Piazzi,7646 to 1800; Groombridge, 4243, 
mostly circumpolar stars^ to 1810 ; Sir Thomas Brisbane, and ROmker, 
7385 stars, observed in New Holland in the years 1822-1828 ; Airy, 2156 
stars, reduced to the year 1845 ; Rttmker, 12,000 on the Hamburg hori- 
zon; Argelander (Cat. of Abo), 560; Taylor (Madras), 11,015. The 
British Association Catalogue of Stars (1845), drawn up under Baily's 
superintendence, contains 8377 stars ii'om the first to 7\ magnitudes. 
For the southern stars we have tho rich catalogues of Henderson, Fal- 
lows, Mnolcnr, and Johnson at St. Ilolonri. 

t VVbisse, Pontionet media $teUarum fixarum in Zonis Regiofnontani$ 
a Betsdio inter ^15° et -{-15° dccL observatarum ad annum 1825 re 
iuela (1846); with an important Preface by Struve. 
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I can not, I think, make mere honorable mention of the 
groat -work of the star maps of the Berlin Academy than by 
quoting the words used by Encke in reference to this un- 
dertaking, in his oration to the memory of Bessel : *' With 
the completeness of catalogues is connected the hope that, 
by a careful comparison of the difierent aspects of the heav- 
ens with those stars which have been noted aa fixed points, 
we may be enabled to discover all moving celestial bodies, 
whose change of position can scarcely, owing to the faint- 
ness of their light, be noted by the unaided eye, and that 
we may in this manner complete our knowledge of the so- 
lar system. While Harding's admirable atlas gives a per- 
fect representation of the starry heavens — as far as Lalando's 
Histoire Cileste, on which it is founded, was capable of af- 
fording such a picture — ^Bessel, in 1824, after the comple- 
tion of the first main section of Ids zones, sketched a plan 
for grounding on this busis a more special representation of 
the starry firmament, his object being not simply to exhibit 
what had been already observed, but likewise to enable as- 
tronomers, by the completeness of Ids tables, at once to rec-' 
ognize every new celestial phenomenon. Although the*star 
maps of the Berlin Academy of Sciences, sketched in ac- 
cordance with BesseFs plan, may not have wholly completed 
the first proposed cycle, they have nevertheless contributed 
in a remarkable degree to the discovery of new planets, since 
they have been the principal, if not the sole means, to which, 
at the present time (1850), we owe the recognition of seven 
new planetary bodies."* Of the twenty-four maps designed 
to represent that portion of the heavens which extends 15° 
on either side of the equator, our Academy has already con- 
tributed sixteen. These contain, afl far as possible, all stars 
down to the ninth magnitude, and many of the tenth. 

The present would seem a fitting place to refer to the 
average estimates which have been hazarded on the num- 
ber of stars throughout the whole heavens, visible to us by 
the aid of our colossal space-penot rating telescopes. Struvo 
assumes for Hcrschers twenty-feet reflector, which was em- 
ployed in making the celebrated star-gauges or sweeps^ that 
a magnifying power of 180 would give 5.800,000 for the 
number of stars lying within the zones extending 30° on ei- 
ther side of the equator, and 20,374,000 for the whole heav* 
ens. Sir William Herschcl conjectured that eighteen mill* 

* Encke, QeddeKtniurede auf Beitel, s. 13. 
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ions of Stan in the Milky Wa^ might be seen by his still 
more powerful forty-feet reflectmg telescope.* 

After a careful consideration of all the fixed stars, wheth« 
er visible to the naked eye or merely telescopic, whose po- 
sitions are determined, and which are recorded in catalogues, 
wo turn to their distribution and ^ouping in the vault of 
aeaven. 

As we have already observed, these stellar bodies, from 
the inconsiderable and exceedingly slow (real and apparent) 
change of position exhibited by some of them — ^partly owing 
to precession and to the difTerent influences of the progression 
of our solar system, and partly to their own proper motion-^ 
may be regarded as landmarks in the boundless regions of 
space, enabling the attentive. observer to distinguish all bod- 
ies that move among them with a greater velocity or in an 
opposite direction — consequently, all which are allied to tel- 
escopic comets and planets. The first and predominating 
interest excited by the contemplation of the heavens is di- 
rected to the fixed stars, owing to the multiplicity and over- 
whelming mass of these cosmicol bodies ; and it is by them 
that our highest feelings of admiration are called forth. 
The orbits of the planetary bodies appeal rather to inquiring 
reason, and, by presenting to it complicated problems, tend 
to promote the development of thought in relation to astron- 
omy. 

Amid the innumerable multitude of great and small stars, 
which seem scattered, as it were by chance, throughout tlio 
vault of heaven, even the rudest nations separate single 
(and almost invariably the same) groups, among which cer- 
tain bright stars catch the observer's eye, either by their 
proximity to each other, their juxtaposition, or, in some cases, 
by a kind of isolation. This fact has been confirmed by re- 
cent and careful examinations of several of the languages of 
so-called savage tribes. Such groups excite a vagiic sense 
of the mutual relation of parts, and have thus led to their 
receiving names, which, although varying among difi'erent 
races, were generally derived from organic terrestrial ob- 
jects. Amid the forms with which fancy animated the 
waste and silent vault of heaven, the earliest groups thus 
distinguished were the seven-starred Pleiades, the seven stars 
of the Great Bear, subsequently (on account of the repetition 
of the same form) the constellation of the Lessor Bear, the 

* Compare Stravo, Etud^t XAUr. SteUairct 1847, p. 66 and 72 ; Cot- 
, Yul. 1., p. 150; mid Mfidlec Attr., 4to Aufl., $ 417. 
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belt of Orion (Jacob's Btaff^, Oaiiiopeia, the Swan, the Seor 
pion, tho Souihorn Oross (owing to the striking difference 
in iu direction before and after its cnlmination), the South- 
em Grown, the Feet of the Oentaur (the Twins, as it were, 
of the Southern hemisphere), &o. 

Wherever steppes, grassy plains, or sandy wastes present 
a far-extended horizon, those constellations whose rising or 
setting corresponds with the -busy seasons and requirements 
of pastoral and agricultural life have become the subject of 
attentive consideration, and have gradually led to a symbol- 
izing connection of ideas. Men thus became famihiuized 
with the aspect of the heavens before the development of 
measuring astronomy. They soon perceived that besides 
the daily movement from east to west, which is common to 
all celestial bodies, the sun has. a far slower proper motion in 
un opposite direction. The stars which shme in the even- 
ing sky sink lower every day, until at length they are wholly 
lost aniid tho rays of tho sotting siui ; while, on the other 
hand, tltoso stars wliich wore shinuig in the morning sky 
bofuro tho rising of tho sun, rcccdo further and further from 
it. In the ever-changing aspect of the starry heavens, suc- 
cessive constellations are always coming to view. A slight 
degree of attention suffices to show that these are the same 
whicli had before vanished in the west, and that the stars 
which are opposite to the sun, setting at its rise, and rising 
at its setting, had about half a year earlier been seen .in its 
vicinity. From the time of Hesiod to Eudoxus, and from 
the latter to Aratus and Hipparchus, Hellenic hterature 
abounds in metaphorio allusions to the disappearance of the 
stars amid the sun's rays, and their appearance in the morn- 
ing twilight — ^their heliacal setting and rising. An atten- 
tive observation of these phenomena yielded the earliest ele- 
ments of chronology, which were simply expressed in num- 
bers, .while mythology, in accordance with the more cheerful 
or gloomy tone of national character, continued simultane- 
ously to rule the heavens with arbitrary despotism. 

The' primitive Greek sphere (I here again, as in the his- 
tory of the physical contemplation of the universe,* follow 
the investigations of my intellectual friend Letronne) had be- 
come gradually filled with constellations, without oeing in 
any degree considered with relation to the ecliptic. Thus 
Homer and Hesiod designate by name individual stars and 

• Cdsmos, vol. ii., p. 167. 
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groups ; the former montions tko conBtollation of tho Boar 
(** omerwise known as the Ocleslial Wain, and which alone 
never sinks into the bath of Oceainos*'), Bootes, and the Dog 
of Orion ; the latter speaks of Sirius and Arotiirus, and both 
refer to the Pleiades, the Hyades, and Orion.* Homer's tMrice 
repeated assertion that the constellation of the Bear alone 
never sinks into tho ocean, merely allows us to infer, that' in 
his age the Greek sphere did not yet compriso tho consteUa- 
tions of Draco, Oephcus, and Ursa Minor, which likewiso do 
not set. The statement does not prove a want of acquaint- 
ance with the existence of the separate stars forming these 
three catasterisms, but simply an ignorance of their arrange ^ 
ment into constellations. A long and frequently misunder- 
stood passage of Strabo (lib. i., p. 3, Oasaub.) on Homer, H., 
xviii., 485--489, specially proves a fact— important to the 
question—^that in the Greek sphere the stars were only grad' 
tudl/y arranged in constellations. Homer has been unjustly 
accused of ignorance,'says Strabo, as if he had known of only 
one instead of two Bears. It is probable that the lesser one 
had not yet been arranged in a separate group, and that the 
name did not reach tho Hellenes until ailcr the Fliceiiicians 
had specially designated this constellation, and made use of 
it for the purposes of navigation. All the scholia on Homer,' 
Hyginus, and Diogenes Laortius ascribe its introduction to 
Thales. In tho rsoudo-Eratosthenian work to which wo 
havo already referred, tho lessor Bear is called ^oivIki] (or, 
as it wore, the Fhconician guiding star). A couturv later 
(01. 71^, Oleostratus of Tonodos enriched tho sjphoro with the 
constellations of Sagittarius, To^6ti/c> &ud Ancs, Kpi6^. ' 
The introduction of the Zodiac into the ancient Greek 
sphere coincides, according to Letronne, with this period of 
the domination of the Fisistratidsd. Eudemus of BJiodeis, one 
of the most distinguished pupils of Aristotle, and author of a 
"History of Astronomy,'' ascribes the introduction of this zo- 
diacal belt (ji Tov ((M>duucov dlct^ojaig, also (cjidiog icmXog) to 
(Enopides of Chios, a cotemporary of Anaxagoras.f The 

* Ideler, Uniers, Hber die Stemnamen, 8. xi., 47, 139, 144, 243 * Le- 
tronne, 8ur VOrigine du Zodicique Oree, 1340, p. 25. 

t Letronne, op, cii,, p. 25 ; and Oarteron, Analyge da Reeherenet de 
M. Letronne tur le$ Repritentatiom Zodiaeales, 1843, p. 119. "It it 
very doubtful whether Rndoxus (01. 103) ever mndo use of the word 
CucuiKd^* Wo fimt moot with it in Kuclid, nnd in tho Ooinmontary of 
Ilipparchus on AratuB (01. 160). The name ecliptic, eKAeifrnicdf, is 
^o very recent.'* Compare Martin in the Oommentary to Thmtiia 
Smjipnupi PUUoniei Liber de Atlronomiat 1 849, p. 50, GO. 
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idea of the relation of the planets and fixed stars to the sun'i 
course, the division of the ecliptic into t-welve equal parts 
(Dodccatoiaoria), originated with the ancient Chaldeans, and 
very probably came to the Greeks, at the beginning of the 
fifUi, or even in the sixth century before our era, direct from 
Ohaldea, and not from the Valley of the Nile.* The Greeks 
merely separated from the constellations named in their prim- 
itive sphere those which were nearest to the echptic, and 
could be used as signs of the zodiac. If the Greeks had bor- 
rowed from another nation any thing more than the idea and 
number of the divisiuns (Doducatoiacriu) of a zodiac — ^if they 
had borrowed the zodiac itself, with its signs — they would 
not at first have contented themselves with only eleven con- 
stellations. The Scorpion would not have been divided into 
two groups ; nor would zodiacal constellations have been in- 
troduced (some of which, like Taurus, Loo, Pisces, and Virgo, 
extend over a space of 35° to 48°, whilo others, as Oancor, 
Aries, and Capricornus, occupy only from 19° to 23°), which 
are inconveniently grouped to the north and south of the 
ecliptic, either at great distances from each other, or, like Tau- 
rus and Aries, Aquarius and Capricornus, so closely crowded 
together as almost to encroach on each other. These cir- 
cumstances prove that catasterisms previously formed were 
converted into signs of the zodiac. 

The sign of Libra, according to Letronne*s conjecture, was 
introduced at the time of, and perhaps by, Hipparchus. It 
is never mentioned by Eudoxus, Archimedes, Autolycus, or 
even by Hipparchus in the few fragments of his writings 
which have been transmitted to us (excepting indeed in one 

* Letronne, Orig, du Zod», p. 25 ; and AfMlp$e Crit, des Repri*. 
2Sod,, 1846, p. 15. Ideler and Lepsius also consider it probable ** that 
the knowledge of the Chaldean zodiac, as well in reference to its divi- 
sions as to tho names of the latter, had reached the Greeks in the sev- 
enth century before our era, although the adoption of the separate signs 
of the zodiac in Greek nstronomical literature was gradual and of a sub* 
sequent date." (Lepsius, Chronologic der ^g^pler, 184!), s. C5 and 
124.) Ideler is inclined to believe that the Orientals had names, but 
not constellations for the Dodecatomeria, and Lepsius regards it as a 
natural assumption ** that the Greeks, at the period when their sphere 
was for the most part unfilled, should have added to their own the 
Ohaldean constellations, from which the twelve divisions were named." 
But are we not led on this supposition to inquire why the Greeks had 
at first only eleven signs instead of introducing all the twelve belong- 
ing to the Ohaldean Dodecatomeria 7 If they introduced the twelve 
signs, ihey are hardly likely to hava removed one in order to replace it 
at a subseq on* period. 
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paasago, probably falsifiod by a copyist).* Tho earliest no- 
tioe of this now coiistoUatiou occurs in Geminus and Yarro 
scarcely half a century before our era ; and as the Romans, 
from the time of Augustus to Antoninus, became more strong- 
ly imbued with a predilection for astrological inquiry, thoso 
constellations which " lay in the celestial path of the sim** 
acquired an exaggerated and fanciful importance The Egyji- 
tian zodiacal constellations found at Dendera, Esneh, tho 
Propylon of Panopolis, and on some mummy-cases, belong to 
the first half of this period of tho Roman dominion, as was 
maintained by Yisconti and Testa, at a time when tho nec- 
essary materials for the decision of tho question had not been 
collected, and the wildest hypothesis still prevailed regard- 
ing the signification of these symbolical zodiacal signs, and 
their dependence on the precession of the equinoxes. The 
great antiquity which, from passages in Manu*s Book of 
Laws, Yalmiki's Ramayana and Amarasinha's Dictionary, 
Augustus William von Schlegel attributed to the zodiacal 
circles found in India, has been rendered very doubtful by 
Adolph Holtzmauu*s ingenious iuvcstigations.f 

* On the passage referred to in the text, and interpolated by a copy 
ist of Hipparchos, see Letronne, Ortr. du Zod,, 1840, p. 20. As early 
as 1812, when I was much disposed to believe that the Greeks had 
been long acquainted with the sign of Libra, I directed attention in an 
olnborato memoir (on all the passages in Greek and Roman writers of 
antiquity, in which the Balance occurs as a sisn of tho zodiac) to that 

{>assage in Hipparchus (Comment in Aratum, fib. iii., cap. 2) which ro- 
ers to the ^ripidv held by the Centaur (in his fore-foot), as well as to 
the remarkable passage of Ptolemy, lib. ix., cap. 7 ^Halma, t. ii., p. 
170). In the latter the Southern Balance is named with the affix irarck 
XaXdalovc, and is opposed to the pincers of the Scorpion in an observ- 
ation, which was undoubtedly not made at Babylon, but by some of 
the astrological Chaldeans, dispersed throughout Syria and Alexandria. 
( Vues des CordUUret d Monumens dei Peu^ei Indi^ines de VAmMque, 
t, ii., p. 380.) Buttman maintained, what is very improbable, that the 
Xfl^ originally signified the two scales of the Balance, and were sub- 
sequently by some misconception convertod into the pincers of a scor- 
pion. (Compare Ideler, Unter$uehungen ft^er die astronomisehen Beo» 
hiiehlungen der Alten,, s. 374, and Ueber die Stemnamen, s. 174-177, 
with Carteron, Rechereheg de M, Letrtmne, p. 113.) It is a remarkable 
circumstance connected with the analogy between many of the names 
of the twenty-seven ** houses of the moon," and the Dodecatomeria of 
the zodiac, tnat we also meet with the sign of the Balance among the 
Indian Nakschatras (Moon-houses), which are undoubtedly of very 
groat antiqnity. ( Vua de$ Cordilldretf t. ii., p. 6-12.) 

t Comimre A. W. von Schlogel, Ueber StcmbUder dee Thierkreitei im 
mlten Indienf in the Zeiieehrift f^r die Knnde de* Morgenltindett bd. i., 
Heft 3, 1837, and hit CommenUUio de Zodiaei Antiquitate et Origine, 
1839, with Adolph Holtzmaini, Udfer den Grieekitehen Unprung det In 

Vqt iii._p 
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The artifical grouping of the stars ii.io constellations, 
which arose incidentally during the lapse of ages — ^the fre- 
quently inconvenient extent and indefinite outline — ^the com- 
plicated designations of individual stars in the diiTercnt con-' 
stellations — the various alphabets which have been required 
to distinguish them, as in Argo — ^together with the tasteless 
blending of mythical personages with the sober prose of philo- 
sophical instruments, chemical furnaces, and pendulum clocks, 
in the southern hemisphere, have led to many propositions 
for mapping the heavens in new divisions, without the aid 
of imaginary figures. This undertaking appears least haz- 
ardous in respect to the southern hemisphere, where Scorpio, 
Sagiltorius, Ocntaurus, Argo, and Eridanus alone possess any 
poetic interest.* 

The heavens of the fixed stars {orbis inerrans of Apule- 
ius), and the inappropriate expression oli Jlxed stars (astra 
Jmt, of ManiliiiM), roiiiinds us, iis wo liuvo already observed 
m the introduction to the Astrognosy,t of the connection, or, 
rather, coiifusioii of the ideas of insertion, and of absolute im- 
mobility or fixity. When Aristotle calls the non-wandering 
celestial bodies (dTrAav^ &aTp(i) riveted (^ivdedefiiva), when 
Ptolemy designates them as ingrafted (jTpoane(l>VK6Teg), these 
terms refer specially to the idea entertained by Anaximenes 
of the crystalline sphere of heaven. The apparent motion 
of all the fixed stars from east to west, while their relative 
distances remained unchanged, had given rise to this hypoth- 
esis. ** The fixed stars (drrAav^ aarpa) belong to the higher 
and more distant regions, in which they are riveted, like nails, 

dUehen ThierkreiseSf 1841, 8. 9, 16, 23. '' The passagea quoted from 
Amorakoacha and Ramayana,** saya the latter writer, ** admit of un- 
doubted interpretation, and speak of the zodiac in the clearest terms ; 
but if those works wore composed before the knowledge of the Greek 
signs of the zodiac could liave reached India, these passages ought to 
bo carofully oxumiuud fur tho purnoso of ascertaining whether they 
may not bo compurativoly modern mtor[K>lations." 

* Compuro Huttniau, in Berlin Aitron, JahrbuchfUr 1822, s. 93, 01 
born on tlio lauro rucont ouiiNtullations in Huhuniuchor's Jahrbuch /At 
1840, s. 283-25 1, and 8ir Julni llurschul, Itwitiun and Rearrangemem 
of the ConttdUUiont, with specitU reference to those of the Southern Hem 
iephere, in the Memoirt of the Aitr. Soc,, vol. xii., p. 201-224 (with a 
very exact distribution of the southern stars from the first to the fourth 
magnitude). On the occasion of Lalande's formal discussion with Bode 
on the introduction of his domestic cat and of a reaper (Mestieri), 01 
bers complains that in order ** to find space in the firmament for Kirj 
Frederic's glory, Andromeda must lay her right arm in a different place 
from that which it had occupied for 3000 years V* 

t Vide supraf p. 26-28, and note. 
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to the crystalline heavens ; the planets {aarpa nXav^fieva 
or TrAavi/rd), which move in an opposite direction, belong to 
a lower and nearer region.''* As we find in Manilius, in 
the earliest ages of the OcBsars, that the term stdlafioca was 
substituted for infixa or ajjvxa^ it may be assumed that the 
schools of Rome attached thereto at first only the original 
signification of riveted ; but as the word fixu$ also embraced 
the idea of immobility, and might oven bo regarded as sy- 
nonymous with vnmottts and immolnlt9i wo may readily cou- 
coivo that the national opinion, or, rather, usage of speech, 
should gradually have associated wilh Stella fioca the idea of 
immobility, without reference to the fixed sphere to which it 
was attached. In this sense Seneca might term the world 
of the fixed stars Jixum et immohilem populum. 

Although, according to Stobseus, and the collector of the 
" Views of the Philosophers," the designation " crystal vault 
of heaven" dates as far back as the early period of Anax- 
imenes, the first clearly-defined signification of the idea on 
which the term is based occurs in Empedocles. This phi- 
losopher regarded the heaven of the fixed stars as a solid 
mass, formed from the ether which had been rendered crys- 
talline and rigid by the action of fire.f According to his 

* According to Democritos and his disciple Metrodorns, Stob., Eclog. 
Phyt.f p. 582. 

t Plut, De plae. Phil,, ii., 11; Diopf. Laort., Tiii., 77; Achillos Tnt, 
ad. Amt., ctiii. 5, K/ifr*, KpvoTdXXutj to^tov {rbv oipavdv) elval ^oiVt U 
ToO nayeruoovc evXXeyivra ; in like mnnnor, wo only moot with tho 
oxprussiou ery$tal-likc in Diog. Lnort, viii., 77, nnd Gnlonns, UiU* Phii.f 
12 (Btur/, Empcdoclei AgrigetU., t. i., p. 321). Iinctnutius, De Op{fieio 
Dei, c. 17 : " An, si milii quispiam dixerit aneum esse coBlam, aut vi- 
treum, ant, ut Empedocles ait, afiretn glaciatum, statimne assontiat quia 
cfclnm ex qua materia sit, ignorem.'' *' If any one were to toll mo tliat 
the heavens are made of brass, or of glass, or, as Empedocles asserts, 
of frozen air, I should incontinently assent thereto, for I am ignorant of 
what substance the heavens are composed." We have no caHv Hel- 
lenic testimony of the use of this expression of a class-like or vitreous 
heaven (ealum vitretim)f for only one celestial body, tho sun, is called 
by Fhilolatts a slass-like body, which throws upon us the rays it has 
received from tne centrallire. (The view of Empedocles, referred 
to in tho text, of the reflection of the sun*s light from the body of the 
moon (supposed to be consolidated in the same manner as hailstones), 
is frequently noticed by Plutarch, apud Euseb, Prtcp. Evangel., 1, p. 
24, D, and De Facie in Orbe Luna, cap. 5.) Where Uranot is described 
as ;|faXiceof and ctd^peoc by Homer and Pindar, the expressiou refers 
only to the idea of steadfast, permanent, and imperishable, as in speak- 
ing of brazen hearts and brazen voices. V Olcker ftfter Homerinche Qeo* 
graphie, 1830, s. 5. The earliest mention, before Pliny, of the word 
tcpvffTaX^of when applied to ice- like, transparent rock-crystal, occurs in 
Dionysius Feriegetes, 781, Allan, xv., 8, and Strabo, xv.^ p. 717 Oa- 
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theory, the moon is a body conglomerated (like hail) by the 
action of fire, and receives its light from the sun. The original 

nub. Tho opinion that tlio idea of the crystalline heavens bohig a gla- 
cial vault {air glaeiatus of Lactantius) arose among the ancients, from 
their kuov^ledge of the decrease of temperature, with the increase of 
height in the strata of the atmosphere, as ascertained from ascendinff 
great heights and from the aspect of snow-covered mountains, is refuted 
By the circumstance that they regarded the fiery ether as lying beyond 
the confines of the actual atmosphere, and the stars as warm bodies. 
(Aristot, Meteor., 1, 3; De Calo, 11, 7, p. 289.) In s[>eaking of the 
music of the spheres (Aristot., De Casio , 11, p. 290^, which, according 
to the views of the Pythagoreans, is not perceived uy men, because it 
is continuous, whereas tones can only bo heard when they are inter- 
rupted by silence, Aristotle singularly^ enough maintains that the move- 
ment of the spheres generates neat m the air below them, while they 
are themselves not heated. Their vibrations produce heat, but no sound. 
** The motion of the sphere of the fixed stars is the most rapid (Aristot, 
De Ccelo, ii., 10, p. 291) ; as ths sphere and the bodies attached to it are 
impelled in a circle, the subjacent space is heated by tliis movement, 
anu hence heat is diirused to the surface of the earth." (AfeUorol,, 1, 3, 
p. 340.) It has always struck mo as a circumstance worthy of remark, 
that the Stagirite should constantly avoid the word crystal heaven; for 
tlie expression, ** riveted etars** (Medefiiva Harpa), which he uses, in- 
dicates a general idea of solid spheres, without, however, specifying the 
nature of the substance. We do not meet with any allusion to the sub- 
ject in Oicero, but we find in his commentator, Macrobius {Cie, Som^ 
nium Scipionit, 1, c. 20, p. 99, ed. Bip.), traces of freer ideas on the dim- 
inution of temperature with the increase of height. According to him, 
eternal cold prevails in the oatermost zones of heaven. ** Ita enim noK 
solum ten-am sed ipsum quoque coelum, quod vere mundus vocatur, 
tompenu'i a solu certissimum est, ut extremitates ejus, qua) via soils 
longissime recesseruut, omui careant beneficio caloris, et una frigoris 
perpetuitate torpescant." ** For as it is most certain that not only the 
earm, but the heavens themselves, which are truly called the univerae, 
are rendered more temperate by the sun, so also their confines, which 
are most distant from the sun, are deprived of the benefits of heat, and 
languish in a state of perpetuied cold. These confines of heaven (es- 
tremitates eoBli)t in which the Bishop of Hippo (Augustinus, ed. Antv., 
1700, i., p. 102, and iii., p. 99) placed a region of icy-cold water near 
Saturn the highest, and therefore the coldest, of all the planets, are 
within the actual atmosphere, for beyond tho outer limits of this spaco 
lies, according to a somewhat earlier expression of Macrobius (1, c. 19, 
p. 93), the fiery ether which enigmatically enough does not prevent this 
eternal cold : " StoUu) supra coolum locatus, in ipso purissimo ajthere sunt, 
in quo omne quidquid est, lux naturalis et sua ost, qua> tota cum igne 
sue ita sphsrie sobs incumbit, ut coeli zona), qum procul a sole sunt, 
perpetuo frigore oppresso) sint." ** The stars above the heavens are 
situated in the pure ether, in which all things, whatever they may be, 
have a natural and proper light of their own" (the region of self-lumin- 
ous stars), *' which so impends over the sphere of the sun with all its 
fire, that those zones of heaven which are far from the sun are oppress- 
ed by perpetual cold." My reason fur entering so circumstantially into 
the physical and meteorological ideas of the Greeks and Romans is sim- 
ply because these subjects, except in the works of Ukert, Henri Martio, 
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idea of transparoncv, congelation, and solidity would not, ao< 
cording to the physics of the ancients,* and their ideas of the 
solidification of fluids, have referred directly to cold and ice ; 
but the affinity between KpvaraXXog, icpvoq^ and Kpvaralvo}, 
as well as this comparison with the most transparent of all 
bodies, gave rise to the more definite assertion that the vault 
of heaven consisted of ico or of glass. Thus wo road in Lac- 
tantius : *' GoDlum aorcm glaciatum esse*' and '* vitroum cov 
lum." Empodoclos undoubtedly did not refer to tho glass of 
the Phcenicians, but to air, which was supposed to be con- 
densed into a transparent solid body by the action of the fiery 
ether. In this comparison with ice (jcpvaraXXog), the idea 
of transparency predominated ; no reference being here made 
to the origin of ice through cold, but simply to its conditions 
of transparent condensation. While poets used the term 
crystal, prose writers (as found in tho note on the passage 
cited from Achilles Tatius, the commentator of Aratus) Um- 
ited themselves to the expression crystalline or crystal-like, 
KpvaraXXoBid^^, In like manner, nayo^ (from nrj-yvvaOaif 
to become solid) signifies a piece of ice— its condensation bo 
ing the sole point referred to. 

The idea of a crystalline vault of heaven was handed 
down to the Middle Ages by the fathers of the Church, who 
believed tho firmament to consist of from sovon to tisn glassy 
strata, incasing ono another liko tho dificrout coatings of an 
onion. This supposition still keeps its ground in some of the 
monasteries of Southom Europe, where I was greatly sur- 
prised to hoar a venerable prelate oxpross an opinion in rof- 
orence to the fall of aerolites at Aigle, which at that time 
formed a subject of considerable interest, that the bodies we 
called meteoric stones with vitrified crusts were not portions 
of the fallen stone itself, but simply fragments of the crys- 

and the admirable fragment of the Meteorologia Veterum of Julias Ide- 
ler, have hitherto been veiy imperfectly, ana, for the most part, snper 
ficially considered. 

^ * The ideas that fire has the power of making rigid ( Aristot., ProbL, 
xiv., 11), and that the formation of ico itself may be promoted by heat, 
are deeply rooted in the physics of the ancionts, and based on a fanci- 
ful theory of contraries {Aniiperutatis)-^n obscure conceptions of po- 
larity Tof exciting opposite qualities or conditions). ( Vide inpra, p. 
14, and note.) The quantity of hail produced was considorou to be 
proportional to tho degroo ol heat of tho atmospheric strata. (Aristot., 
Meteor. f i., 12.) In tlie winter fishery on tho shores of tho Euxina, 
warm water was used to increase the ice formed in the neighborhoo^l 
of an upright tube. (Alex. Aphrodis., fol. 86, and Flut., De prima iVtf • 
do, c. 12.) 
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tal vault shattered by it in its fall. Kepler, from his con- 
siderations of comets "which intersect the orbits of all the 
planets,* boasted, nearly two hundred and fifty years ago, 
that he had destroyed the seventy-seven concentric spheres 
of the celebrated Girolamo Fracastoro, as well as all tk& 
more ancient retrograde epicycles. The ideas entertained 
by such great thinkers as Eudoxus, Menoschmus, Aristotle, 
and Apollonius FergsBus, respecting the possible mechanism 
and motion of these solid, mutually intersecting spheres by 
which the planets were moved, and the question whether 
they regarded those systems of rings as mere ideal modes of 
representation, or intellectual fancies, by means of which diffi- 
cult problems of the planetary orbits might be solved or de- 
termined approximately, are subjects of wliich I have already 
treated in another placo,t &nd which are not devoid of interest 
in our endeavors to distinguish the dilFeront periods of devel- 
opment which have characterized the history of astronomy. 
Before we pass from the very ancient, but artificial zodi- 
acal grouping of the fixed stai-s, as regards their supposed 
insertion into solid spheres, to their natural and actual ar- 
rangement, and to the known laws of their relative distn- 
bution, it will be necessary more fully to consider some of 
the sensuous phenomena of the individual cosmical bodies — 
their extending rays, their apparent, spurious disk, and their 
differences of color. In the note referring to the invisibility 
of Jupiter's satellites,} I have already spoken of the influ- 
ence of the so-called tails of the stars, which vary in num- 
ber, position, and length in diflbrent individuals. Indistinct- 
ness of vision {la vuc i?idislinclc) arises from numerous or- 
ganic causes, depending on aberration of the sphericity of 

* Kepler expressly says, in his Stella Martis, ful. 9 : ** Solidos orbes 
rejoci.'' " I liave rejected the idea of solid orbs ;" and in the Stella 
Nova^ 160G, cup. 2, p. 8: "IManotu) in puro oothoro, perinde atque 
uves in aCro cursus siios conficiunt.** " The planets perform tlioir 
course in the yuro other us birds puss through the uir.*' Compare also 
p. 122. Ho niclined, however, nt nn earlier period, to tho idea of a 
•olid icy vault of huuvun congealed from the absence of solur hout : 
** Orbis ex aqua fuctus golu coucretu propter solis absontinm." ( Kepler, 
Epit. Astr, Copepi., i., 2, n. 51.) ''Two tliousund yeara before Kepler, 
Empedocles maintained that the fixed stars were riveted to the crystal 
heavens, but that the planets were free and unrestrained'' (rohf de nXav* 
•^raf avelaOat), (Plut., plac. Phil., ii., 13; Emped., 1, p. 335, Sturz; 
Buseb., Prop. Evang., xv., 30, col. 1688, p. 839.) It is difficult to con- 
ceive how, according to Plato in the Timseus ( Tim., p. 40, B ; see Bohu's 
edition of Plato, vol. ii., p. 344 ; but not according to Aristotle), the fixed 
•tars, riveted as they are to solid 'spheres, could rotate independently. 

t Cosmos, vol. ii., p 315, 316. t Vide supra, p. 51, ami note. 
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tne eye, diflra/stion at the margins of the pupil, or at the 
eyelashes, and on the more or less widoly-difiused irritabili- 
ty of the retina from the excited point.* I see very regu- 

* ''Les priacipales causes de la vue indistincte sont: aberration de 
8ph6ricit6 de I'gbU, diffraction Bur lea bords do la pupille, communica- 
tion d'irritabilit6 k des points voisins snr la r6tine. La vne confuse est 
celle o\i le foyor ne tombe pas exactemont sur la r6tino, mnis tombe 
an-dovant ou derri6ro la r6tino. Los quoncs des 6toilofl sout roflbt de 
la vision indistincto, autan^ qu'ollo d^^poud do la constitution du cristal- 
lin. D'apr6s an tris ancion m6moiro do Ilassonrratz ( 1 SOU) ' los quouos 
au nombre de 4 on 8 qa*offront lea 6toilos on uno bougie vuo k 25 me- 
tres de distance, sent Ics caustiques da cristallin formdcs par Tintorsoc- 
tion dos rayons r6fniQt68.' Ges caustiques so meuvont a mesuro que 
nous inclinons la t6te. La propri6t6 de la lunette de terminer I'image 
fait qa*elle concentre dans nn petit espace la lumi^re qui sans cela en 
aurait occup6 un plus grand. Cela est vrai pour Ics 6toiles fixes et 

Sour les disqucs des p1an6tes. La lumi6ro des 4toilos qui u'ont pas de 
isque r^els, conserve la m6me iutensitd, quel que soit le grossissement. 
Le fond de Vair duquel se d6tacho r6toile dans la lunette, deviont plus 
noir par le grossissement qui dilate les moldcules de I'air qu'embrasso 
le cbamp de la lunette. Les plon^tes k vrais disques deviennent elles- 
m^mes plus pAles par cet effot de dilatation. Quand la peinture focale 
est nette, quand les rayons partis d^un point de Fobjct se sent concen- 
tres en un teul point dans I'lmage, Toculaire donne des rdsultats satis- 
faisants. Si au contraire les rayons 6man6s d'un point ne se r6unissent 

Sas au foyer en an seul point, s'ils y ferment un petit cerele, les images 
e deux points contigus de I'objet empi^tent n^cessairement Tune sur 
Tautre; leurs rayons se confondent. Gette confusion la lentille ocu- 
laire ne saoroit la faire disparaitre. L'oflice ((a'ello romplit exclusive- 
ment, c'est de grossir ; elle grossit tout ce qui est dnns nmage, les de- 
feats comme le reste. Les etoiles n*ayant pas de diam6tres angulaires 
sensibles, coux qa*elles conservent totgonrs, tienneut pour la plus grando 
partie au manque do perfection des instrumons (& la couruuro moins 
r6gnli6re donn6o aux deux faces do la lentille objoctivo) ot k quolqnos 
dcfauts ot aborrntions de notre oeil. Plus une 6toile somble petite, 
tout 6tant Agnl quant au diam6tre de Tobiectif, au grossissement em- 
ploye et k 1 6clat de I'dtoile obsorv6o, et plus la lunette ado perfection. 
Or le ineillour moyon do jugor si los 6toi]cs sout ti'6s potitcs, si dos 
points sout rcpr6flent6s au foyer par dos simples points, c'ost 6videm- 
ment de visor k des 6toiles excessivement rapprocb6cs entr'cUes et de 
voir si dans les 6toiles doubles connues les images so confondent, si 
oUes empi6tent I'une sur Tautre, ou bien si on les aper^oit bion netto- 
ment s^parees." 

** The principal causes of indistinct vision are, aberration of the sphe- 
ricity of the eye, diffraction at the margins of the pni>il, and irritation 
transmitted to contiguous points of the retina. Inuistinct vision exists 
vehere tlie focus does not fall exactlv on the retina, but either somewhat 
before or behind it. The tails of Uie stars are tlie result of indistinct- 
ness of vision, as far as it depends on the constitution of tho crystalline 
lens. According to a very old popor of Hasscnfratz ( 1809), ' the four 
or eight tails which surround the stars or a candle seen at a distance 
of 25 metres [82 feet]» are the caustics formed on the crystalline lens 
by the intersection ofrofracted rays.' These caustics follow the move- 
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larly eight rays at angles of 45^ in stars from the first to the 
third magnitude. As, according to Hassenfratz, these radi- 
ations are caustics intersecting one another on the crystal- 
line lens, they necessarily move according to the direction 
in which the head is incHned.* Some of my astronomical 
friends see three, or, at most, four rays ahove, and none he- 
lo-w the star. It has always appeared extraordinary to me 
that the ancient Egyptians should invariably have given 
only five rays to the stars (at distances, therefore, of 72^) ; 
80 that a star in hieroglyphics signifies, according to Hora- 
pollo, the nimiber five.f 

The rays of the stars disappear when the image of the 
radiating star is seen through a very small aperture made 

mento of the head. The projterty of the telosoopo, in giving a definite 
oatluie to images, cauBoi it to concentrate in a imall space the light 
which would othorwiso be more widely diffused. This obtains for tne 
fixed stars and for the disks of planets. The light of stars having no 
actual disks, maintains the same intensity, whatever may be the mag- 
nifyin^ power of the instrument. The aerial field from which the star 
is projected in the telescope is rendered more black by the magnifying 
property of the instrument, by which the molecules of air included in 
the field of view are expanded. Planets having actual disks become 
fainter from thb effect ot expansion. When the focal image is clearly 
defined, and when the rays emanating fix>m one point of the object are 
concentrated into one point in the image, the ocular focus affords satis- 
factory results. But if, on the contrary, the rays emanating from one 
point do not reunite in the focus into one point, but form a small circle, 
the images of two contiguous points of the object will necessarily im- 
pinge upon each other, and their rays will bo confused. This confusion 
can not be removed by the ocular, since the only part it performs is 
that of ma^ifying. It magnifies every thing compnsod in the image, 
includins its defects. As me stars have no sensible angular diameters, 
those which they present are principally owing to the imperfect con- 
struction of the instrument (to the different curvatures of the two sides 
of the object-slass), and to certain defects and aberrations pertaining 
to the eye itself. The smaller the star appears, the more penect is the 
instrument, providing all relations are equal as to the diameter of the 
objoct-gloss, the magnifying power employed, and the brightness of the 
star. Now the best moans of judging whether the stars are very small, 
and whotlior the points arc rcprusoutud in the focus by simple points, 
is undoubtedly thut of dirocling the instrumuut to stars situatou very 
near each other, and of obsorving whothor the images of known double 
stars ore confused, and impinging on each other, or whothor thoy can 
be seen separate and distinct.'' (Arago, MS. of 1834 and 1847.^ 

* Hassenfratz, Sur let rayons divergens des Etoiles in Delam6tnerie, 
Journal de Physique, tom. Ixix., 1809, p. 324. 

t Horapollinis Niloi Hieroglyphica, ed. Con. Leemans, 1835, cap. 13, 
p. 20. The learned editor notices, however, in refutation of Jomard's 
assertion {Descr, de VEgypte, tom. vii., p. 423), that a star, as the nu- 
merical hieroglyphic for 5, has not yet been discovered on any monu- 
ment or papyrus-roll. (Horap., p. 194.) 
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with a needle in a card, and I have myself frequently ob« 
served both Canopus and Sirius in this manner. The same 
thing occurs in telescopic vision through powerful instru* 
ments, when the stars appear either as intensely luminous 
points, or as exceedingly small disks. Although the fainter 
scintillation of the fixed stars in the tropics conveys a cer- 
tain impression of repose, a total absence of stellar radiation 
would, m my opinion, impart a desolate aspect to the firma" 
mont, as soon by the naked oyo. Illusion of the sousos, qn 
tical illusion, and indistinct vision, probably tend to augment 
the splendor of the luminous canopy of heaven. Arago long 
since proposed the question why fixed stars of the first mag- 
nitude, notwithstanding their great intensity of light, can 
not be seen when rising above the horizon in the same man- 
ner as under similar circumstances we see the outer margin 
of the moon's disk.* 

Even the most perfect optical instruments, and those hav- 
ing the highest magnifying powers, give to the fixed stars 
spurious disks (diametres factices) ; " the greater aperture," 
according to Sir John Herschel, " even with the same mag- 
nifying power, giving the smaller disk.^f Occultations of 
the stars by the moon's disk show that the period occupied 
in the immersion and emersion is so transient that it can not 
be estimated at a fraction of a second of time. The frequent 
occurrence of tlic so-called adhesion of the immersed star to 
the moon*s disk is a phenomenon depending on inflection of 
light in no way connected with the question of the spurious 
diameter of the star. Wo have already seen that Sir Will- 
iam Herschel, with a magnifying power of G 500, found the 
diameter of Vega 0"*36. The image of Arcturus was so di- 
minished in a dense mist that the disk was below 0"'2. It 
is worthy of notice that, in consequence of the illusion occa- 
sioned by stellar radiation, Koplcr and Tycho, before the in- 
vention of the telescope, respectively ascribed to SiriusI a 
diameter of 4' and of 2' 20". 

* I foand an opinion prevalent among the sailors of the Spanish ships 
of the Pacific, that the age of the moon might be determined before the 
first quarter by looking at it through a piece of silk and counting the 
multiplied images. Here we have a phenomenon of diffraeium ob« 
served through fine slits. 

t Ouilines, $ 816. Arago has caused the spurious diameter of Aide* 
baran to incrcaso fram A" to 15" in the instrument by diminishing the 
object-class. 

l Delambre, Hht. de VAttr, Modeme, tom. i., p. 193; Arago, Annu 
aire, 1843> p. 306. 

F 2 
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The alternating light and dark rings which surrbund the 
pmall spurious disks of the stars when magnified two or 
three hundred times, and which appear iridescent when seen 
through diaphragms of different form, are likewise the result 
of interference and diffraction, as we learn from the observ- 
ations of Arago and Airy. The smallest objects which can 
be distinctly seen in the telescope as luminous points, may 
be employed as a test of the perfection in construction and 
illuminating power of optical instruments, whether refractors 
or reflectors. Among these we may reckon multiple stars, 
such as e Lyras, and the fifth and sixth star discovered by 
Struve in 1826, and by Sir John Ilcrschel in 1832, in the 
trapezium of the great nebula of Orion,^ forming the quad- 
ruple star of that constellation. 

A difference of color in the proper light of the fixed stars, 
as well as in the reflected light of the planets, was recog- 
nized at a very early period ; but our knowledge of this re- 
markable phenomenon has been greatly extended by the aid 
of telescopic vision, more especially since attention has been 
so especially directed to the double stars. We do not here 
allude to the change of color which, as already observed, ac- 
companies scintillation even in the whitest stars, and still 
less to the transient and generally red color exhibited by 
stellar light near the horizon (a phenomenon owing to the 
character of the atmospherio medium through which wo see 
it), but to the white or colored stellar light radiated from 
each cosmic al body, in consequence of its peculiar luminous 
process, and the different constitution of its surface. The 
Greek astronomers were acquainted with red stars only, 
while modem science has discovered, by the aid of the tele- 

* ** Two excessively minate and very close companions, to perceive 
both of which is one of the severest tests which can be applied to a tel> 
escope." (OiUUnes, $ 837. Oomparo also Sir John Ilerschel, Observ' 
alions at the Cape, p. 29{ and Arago, in the Annuaire pour 1834, p. 
302-305.^ Among the dilTerent puinetarv cosmical bodies by which 
the illuiniuuting power of a slrondy magnifying optical instrument may 
be tested, wo may mention the first and fourth satellites of Uranus, re- 
discovered by Lassell and Otto Struve in 1847, the two innermost and 
the seventh satellite of Saturn (Mimas, Enceladus, and Bond's Hyperi- 
on), and Neptune's satellite discovered by Lassell. The power of pen- 
etrating into celestial space occasioned Bacon, in an eloquent passage 
in praise of Galileo, to whom he erroneouslv ascribes the invention of 
telescopes, to compare these instruments to ships which carry men upon 
an unknown ocean : ** Ut propriora exercere possint cum ccDlestibus 
oomiuorcia." ( Works oj Francu Bacon, 1740, vol. i., Novum Or go- 
IIII9II, p. 3C1.) 
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iiope, in the radiant fields of the starry heaven, as in the 
blossoms of the phanerogam! a, and in the metallic oxyds, 
almost all the gradations of the prismatic spectrum between 
the extremes of refrangibility of the red and the violet ray. 
Ptolemy enumerates in his catalogue of the fixed stars six 
(vnoKifipoi) fiery red stars, viz. :* Arcturus, Aldebaran, Pol- 
lux, Aiitares, a Ononis (in the right shoulder), and Sirius. 
OieomedeS even compares Antares in Scorpio with the fiery 
red Mars,t which is called both TTVp/td^ and nvpoeidrfg. 

Of the six above-named stars, five still retain a red or red- 
dish light. Pollux is still indicated as a reddish, but Castor 
as a greenish star.f Sirius therefore afibrds the only ex- 
ample of on historically proved change of color, for it has at 
present a perfectly white light. A great physical revolu- 
tion§ must therefore have occurred at the suriace or in the 
photosphere of this fixed star (or remote sun, as Aristarchus 

* The expression indKippoCt which Ptolemy employs indiscriminate- 
ly to designate the six stara named in his catalogae, implies a slightly- 
mnrkod transition from fiery ydlow to fierv red; it thoroforo rofors, 
strictly shaking, to vl fiery raWsh color, llo sooms to attack tlio gon- 
oral predicate ^avOoc, fiery yellow, to nil tho other fixed stars. (Almag*, 
viii., 3d cd., Ilalmn, torn, ii., p. 94.) Ktfi/^ is, according to Galon 
{Meth. Med., 12), a pale fiery red inclining to yellow. Gellius com- 
pares the word with melintUt which, according to Servius, has the same 
moaning as " gilvus'' and " falvus.'' As Sirius is said by Seneca {Nat. 
QtuBtL, !., 1) to bo redder than Man, and belongs to the stars called in 
die Almagest vnoKififtot^ there can be no doubt that the word implies 
the iiredominance, or, at all events, a certain proportion of red rays. 
The assertion that the affix noiKtXof, which Aratus, v. 327, attaches to 
Sirius, has been trantkUed by Oicero as " mtilus,'' is erroneous. Oicero 
says, indeed, v. 348 : 

** Namqne pedes inbter mtilo cum lumlno claroft, 
Fenridiu ille Canis •teUarum luce refnlgou ;" 

but ** rutilo cum lumine" is not a traneleUum of itoikIXoc, but the mere 
addition of a free translation. (From letters addressed to me by Pro- 
fessor Franz.) ** If," as Arago observes (Armuaire, 1842, p. 351), ** the 
Roman orator, in using the term rutilus, purposely departs from tho 
strict rondorins of the Greek of Aratus. we must snpposo that ho rec- 
ognized the reddish character of the light of Sirius." 

t Oleom., CycL Theor,, i., ii., p. 59. 

I Mfidlor, i4«/r., 1849j s. 391. 

$ Sir John Herschol, m the Edinb, Review, vol. 87, 1848, p. 189, and 
in Solium., Aitr. NaeKr,, 1839, No. 372 : " It seoms much more likely 
that in Sirius a red color should be the effect of a modinm interferocf, 
than that in the short space of 2000 years so vast a body should havo 
actually undergone such a material change in its physical constitution. 
It may be supposed owing to the existence of somo sort of eoitnieal 
eloftdineuM, subject to intornnl movements, depending on causns of which 
we are ignorant" (Oomparo Arago, in tlio Annuaire pour 1842. p. 350- 
353.) 
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of Sanios called the fixed itars) before the process could have 
been disturbed by means of which the less refrangible red 
rays had obtained the preponderance, through the abstraction 
or absorption of other complementary rays, either in the pho- 
tosphere of the star itself, or in the moving cosmical clouds 
by which it is surrounded. It is to be wished that the epoch 
of the disappearance of the red color of Sirius had been re- 
corded by a definite reference to the time, as this subject has 
excited a vivid interest in the minds of astronomers since 
the great advance made in modem optics. At the time of 
Tvcho Brahe the light of Sirius was undoubtedly already 
white, for when the new star which appeared in Cassiopeia 
in 1572, was observed in the month of March, 1573, to 
change from its previous dazzling white color to a reddish 
hue, and again became white in January, 1574, the red ap- 
pearance of the star was compared to the color of Mars and 
Aldcbaran, but not to that of Sirius. M. S6dillot, or other 
philologists conversant with Arabic and Persian astronomy, 
may perhaps some day succeed in discovering evidence of 
the earlier color of Sirius, in the periods intervening from 
El-Batani (Albategnius) and £1-Fergani (Alfraganus) to Ab- 
durrahman Sufi and £bn-Junis (that is, from 880 to 1007), 
and from £bn-Junis to Nassir-Eddin and Ulugh Beg (from 
1007 to 1437). 

El-Fergani (properly Mohammed Ebn-Kethir El-Fergani), 
who conducted astronomical observations in the middle of 
the tenth century at Rakka ^racte) on the Euphrates, in- 
dicates as red stars (stelltz ruffcR of the old Latin translation 
of 1590) Aldebaran, and, singularly enough,* Gapella, which 
is now yellow, and has scarcely a tinge of red, but he does 
not mention Sirius. If at this period Sirius had been no 
longer red, it would certainly be a striking fact that El-Fer 

* In Mukamedit Alfragani Chronologiea et Aiira^omiea Elementa, ed. 
JacobuB OhmtumunuB, 1590, cap. 22, p. 97, we road, ** Stella ruQa iu 
Tauro Aldebarau ; Stella niiTa in Qeminii quis appellatur Hi^okt hoc 
OBt Oupra." Alhajoe, Aijuk are, however, the orainarv names for*Oa- 
pella Auriga), in the Arabic and Latin AlniuueHt. Ar^olandor justly nb- 
Borves, in referenco to this Bubjeot, that Ttulemy, m the astrological 
work {TeTpd6i6Xo( avvraf<0, the genuine character of which is testi- 
fied by the style as well as oy ancient evidence, has associated planets 
with stars according to similarity of color, and has thus connected Mar 
lis Stella, Qua urii iieut eongrtut igneo ipsiug eolori, with Auriga Stella 
or Capella. (Compare Ptol., Quadripart. Congtruet.j libri iv., Basil, 
1551, p. 383.) Riccioli (Almagestum Novumt ed. 1650, torn, i., pars i. 
lib. 6, cap. 9, p. 394) also reckons Capella, together with Antares, Aide 
baran, and Arctiinis, among rod stars, 
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gani, who invariably follows Ptolemy, should not here indi- 
cate the change of color in so celebrated a star. Negative 
proofs are, however, not often conclusive, and, indeed, £1- 
Fergani makes no reference in the same passage to the color 
of Betelgeux (a Ononis), which is now red, as it was in the 
age of Ptolemy. 

It has long been acknowledged that, of all the brightest 
luminous fixed stars of heaven, Sirius takes the first and most 
important place, no less in a chronological point of view than 
through its historical association with the earliest development 
of human civilization in the valley of the Nile. The era of 
Sethis — ^the heliacal rising of Sethis (Sirius)— on which Biot 
has written an admirable treatise, indicates, according to the 
most recent investigations of Le]psius,* the complete arrange- 
ments of the Egyptian calendar into those ancient epochs, in- 
cluding nearly 3300 years before our era, " when not only the 
summer solstice, and, consequently, the beginning of the rise 
of the Nile, but also the heliacal rising of Sethis, fell on the 
day of the first water-month (or the first Pachon)." I will 
collect in a note the most recent, and hitherto unpublished, 
etymological researches on Sotliis or Sirius from the Coptic, 
Zend, Sanscrit, and Greek, which may, perhaps, be accept- 
able to those who, from love for the history of astronomy, seek 
in languages and their affinities monuments of the earlier 
conditions of knowledge.f 

* See Chronologie der^gypter, by Richard LepBiUB, bd. i.,'1849, 8. 
190-195, 213. The complete arrangement of the Egyptian calendar is 
referred to the earlier part of the year 3285 before our era, i «., about 
a century and a half after the builainff of the sreat pyramid of Ohoops- 
Ohufu, and 940 years before the period generam* assigned to the Deluge. 
(Compare Co«}no«, vol. ii., p. 114, 115, note.) In the calculations based 
on the circumstance of Colonel Vyse havin|[ found that the inclination 
of the narrow subterranean passage leading mto the interior of the pyr- 
amid very nearly corresponded to the angle 26^ 15', which in the time 
of Choops (Chufu^ was attained by the star a Draconis, which indicated 
tlio polo, at its inlorior culmination at Qizoh, tho date of the building of 
the pyramid is not assumed at 3430 B.C., ns givon in Cotmot oocorduig to 
Letronno, but at 3970 D.C. (OuiUnet of Astr., $ 319.) This diffurenco 
of 540 years tends to strengthen the assumption that a Droc. was re- 

Sirdod as the pole star, as in 3970 it was still at a distance of 3^ 44' from 
epole. 

1 1 have extracted the following observations from letters addressed 
to me by Professor Lepsins (February, 1850). "The Egyptian name 
of Sirius is Soihu, designated as a female star ; hence ^ 'LdOtf is identi- 
fied in Greek with the goddess 8oie (more frequently Sit in hieroglyph- 
ics), and in the temple of the croat llamscs at Thebes wiUi Isis-Souiis 
(LepsiuB, Chron.^ der jEf^pter,hd, i., s. 1 19, 136). Tho signification of 
the root is found in Coptic, and is allied with a numerous family of words, 
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Besides Sirius, Yega, Deneb, Eegulus, and Spica are at the 
present time decidedly white ; and among the small douUe 

Uie membonof whioli, uUhongh they appurontly diflfur very widely from 
ouch other, admit uf boiug urnrnguu ■omowliut iu the fuUowing order. 
Dy the three-fold tranafereiice of the veHbal nguification, we obtain from 
the original meaning, to throw out — ^n-ojicere {MogiUam, telum) — first, 
seminare, to tow; next, exiendere, to extend or spread (as qmn threads) ; 
and, lastly, what is here most important, to radiate light and to skitte 
(as stars and fire). From this series of ideas we may deduce the names 
of the divinities. Satis (the female aroher); Sothis, the radiating, and 
Ssth, the fiery. We may also hierog[lyphically explain sit or seti, the 
arrows as well as the ray ; seta, to spin ; setu, scattered seeds. Sothis 
is especially the brightly radiating, the star regulating the seasons of 
the year and periods of time. The small triangle, always represented 
yellow, which is a symbolical sign for Sethis, is used to designate the 
radiating sun when arranged in numerous triple rows issuing in a down- 
ward direction fix>m the sun's disk. Seth is the fiery scorehing god, in 
contradistinction to the warming, finctifying water of the Nile, the god- 
dess Satis who inundates the soU. She is also the goddess of the cat- 
aracts, because the overflowing of the Nile began with the appearance 
of Sothis in the hoavoiis at tlio summer solstice. In Vutlius Valuus Uio 
star itself is called £9^? instead of Sethis ; but neither the name nor the 
subject admits of our idoutifyiug Thoth with Seth or Sothis, as Idelor 
has done. (Handbuch der^hronologie, bd. i., s. 126.)" (Le^isitu, bd. 
i., s. 13G.) 

I wiU close these observations taken firom the early Egyptian periods 
with some Hellenic, Zend, and Sanscrit emnologies : " ielp, the sun," 
says Professor Franz, ** is an old root, dififering only in pronunciation 
from t9ep, t^^pof , heat, summer, in which we meet with the same change 
in the vowel sound as in reipoc and ripoc or repac. The conrectness of 
these assigned relations of the radicals aelp and ^ep, ^epoct ^ proved 
not only by the employment of '&epelraro{ in Aratus, v. 149 (Ideler, 
Stemnamen, s. 241), but also by the later use of the forms aelpoct oei- 
piog, and aeiptvdc, hot, burning, derived from aeip. It is worthy of no- 
tice that aetpd or ^eipiva Iftdua is used the same as ^epiva Ifidria, lirht 
summer clothing. The form aelpioc seems, however, to have had a w ider 
application, for it constitates the ordinary term appended to all stars in- 
fluencing the summer heat: hence, according to the version of the poet 
Archilocnus, the sun was aeipio^ dar^p, while Ibycus calls the stars gen- 
erally aelpia, luminous. It can not be doubted that it is the sun to which 
Archilochus rofers in the words iroXXovc ittv avrov aelpiog Karavavel b^vc 
iX^dfinuv. According to Hesychius and Suidas, Xeipioc does indeed 
signify both the sun and the Dog-star; but I fully coincide with M. Mar- 
tin, the new editor of Theon of Smyrna, in believing that the passage 
of Hesiod (Opera et Dies, v. 417) refers to the sun, as maintained by 
Tzetzes and Procfus, and not to the Dog-star. From the adjective aei- 
piog, which has established itself as the ' epitheton perpetuum* of the 
Dog-star, we derive the verb aetpibv, which may be translated * to 
sparkle. ' Arotus, v. 33 1 , says of Sirius, b^ia aetpidet, * it sparkles stron|^- 
ly.' When standing alone, the word ieip^v, the Siren, has a totally dif- 
ferent etymology ; and your conjecture, that it has merely an accidental 
similarity of sound with the brightly shining star Sirins, is perfectly weU 
founded. The opinion of those who, accorduig to Theon Smynueus 
(Liber de Astronomia, 1850 p. 2QQ\ derive Zeiptiv from aeipia^etv (a 



TIIK COLOR OP TIIR STARS 135 

stars, Strove enumerates about 300 in which both stars are 
white* Procyon, Atair, the Pole Star, and more especially 
P Urste Min. have a more or less decided yellow light. We 
have already enumerated among the larger red or reddish stars 
Betelgeux, Arcturas, Aldebaran, Antares, and Pollux. Riim • 
ker finds y Crucis of a fine red color, and my old friend, Cap 
tain Bcrard, who is an admirable observer, wrote from Mada- 
gascar in 1847 that he had for some years seen a Crocis grow 
mg red. The star 17 Argiis, which has been rendered cele- 
brated by Sir John Herschers observations, and to which 1 
shall soon refer more circumstantially, is undergoing a change 
in color as well as in intensity of light. In the year 1843^ 
Mr. Mackay noticed at Calcutta that this star was similar in 
color to Arcturus, and was therefore reddish yellow *,t but in 
letters firom Santiago de Chili, in Feb., 1850, Lieutenant Gil- 
liss speaks of it as being of a darker color than Mars. Sir 
John Herschel, at the conclusion of his Observations at the 
CapCt gives a list of seventy-six ruby-colored small stars, of 
the seventh to the ninth magnitude, some of which appear 
in the telescope like drops of blood. The majority of the vari- 
able stars are also described as red and reddish,^ the excep- 

moreoyer anaccreditod form of aetptuv), is likewise entirely orronooos. 
While the motion of heat and light is implied by the expression txelpioCf 
the radical of the word Secp^v represents the flowing tones of this pho 
nomonon of nntiiro. It appears to mo pnibablo that Zeiptfv is connooU 
od with elpeiv (l*lato, CratyL, 398, 1), rd yikp elpeiv Xiyetv hrl), in wliicli 
the original sharp aspiration passed into a hissing sound." (From let 
ters of Prof. Franz to mo, January, 18.00.) 

The Greek Xeip, the sun, easily admits, according to Dopp. "of be- 
ing associated with the Sanscrit word ««ar, which does not indeed siff- 
nify the son itself, but the heavens (as something shining). The orm- 
nary Sanscrit denomination for the sun is «tcrya, a contraction of ivdrya, 
which is not used. The root war signifies in general io thine, ' The 
Zend designation for the sun is hvare, with the h instead of the «. The 
Greek i9rp, i^^pof, and •&epfx6c comes from the Sanscrit word gkarma 
(Nom. ghartnat)f warmth, heat." 

The acute editor of the Rigveda, Max MQller, obsenres, that ** the 
special Indian astronomical name of the Dog-star, L»&<2A/7Jta, which sig- 
nifies a hunter, when considered in refereuce to the neighboring con- 
stellation Orion, seems to indicate an ancient Aiian community ofideas 
regarding these groups of stars." He is, moreover, principally inclined 
" to derive Idpio^ from the Veda word sira (whence the adjective tair* 
ya) and the root m, to go, to wander ; so tnat the sun and the bright* 
est of the stars, Sirius, were originally called wandering stars." (Oom« 
pare also Pott, Etymologitehe Fortehungen, 1833, s. 130.) 

* Stnivo, Sinllamm eompontarum Mentttra Mieromelricm, 1837, p 
Ixxiv. et Ixxxiii. 

t Sir John Herschel, Obtervntiont ai the C%pe, p. 34. 

% M&dler's Aitronomie, s. 436. 
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tions being Algol in Oapnt MedussB, j9 Lyrso and e Amiga, 
which have a pure white light. Mira Ceti, in which a pe- 
riodical change of light was first recognized, has a strong red 
dish light ;* but the variability observed in Algol and j3 Lyne 
proves that this red color is not a necessary condition of a 
change of light, since many red stars are not variable. The 
faintest stars in which colors can be distinguished belong, ac- 
cording to Struve, to the ninth and tenth magnitudes. Blue 
stars were first mentioned by Mariotte,t 1686, in his Traiti 
des Couleurs. The light of a Lyrso is bluish ; and a smaller 
stellar mass of 3^ minutes in diameter in the southern hem- 
isphere consists, according to Dunlop, of blue stars alone. 
Among the double stars there are many in which the princi- 
pal star is white, and the companion blue ; and some in which 
both stars have a blue lightt (as 6 Serp. and 59 Androm.). 
Occasionally, as in the stellar swarm near k of the Southern 
Cross, which was mistaken by Lacaille for a nebulous spot, 
more than a hundred variously-colored red, green, blue, and 
bluish-green stars are so closely thronged together that they 
appear in a powerful telescope *' like a superb piece of fancy 
jewelry.*'} 

The ancients believed they could recognize a remarkable 
symmetry in the arrangement of certain stars of the first 
magnitude. Thus their attention was especially directed to 
the four so-called r6gal stars, which are situated at oppo- 
site points of the sphere, Aldebaran and Antares, Regulus 
and Fomalhaut. Wo find this regular arrangement, of 
which I have already elsewhere treated, II specially referred 
to in a late Eoman writer, Julius Firmicus Maternus,1f who 
belonged to the age of Constantino. The differences of 
right. ascension in these regal stars, Stella regales^ are 11 h. 
57m. and 12h. 49m. The importance formerly attached to 
this subject is probably owing to opinions transmitted from 
the East, which gained a footing in the Eoman empire un- 
der the Ca)sars, together with a itrong national predilection 
for astrology. The leg, or north star of the Great Bear (the 
celebrated star of the Bull's leg in the astronomical repre- 

* Coitnoi, vol. ii., p. 330. ^ t Arago, Annuaire pour 1842, p. 348* 

I Strove, Stdla eomp., p. Izxxii. 

$ Sir John Herschel, Observationt at the Cape^ p. 17, 103. (" Nebula 
and Clutteri, No. 3435.") 

II Hamboldty Vuei des CordilUre$ et Monument dee Peuplee Indiginee 
de VAmirique, torn, ii., p. 55. 

IF Julii Firmiei Matemi Attron.,\\hn viii., Basil, 1551, lib. vi., cap 
i., p, 150. 
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BentationB of Dendera, and in the Egypti&n Book of the 
Dead), is porhaps the star indicated in an obscure passage of 
Job (ch. ix., ver. 9), in "which Arcturus, Orion; and the Plei- 
ades are contrasted with " the chambers of the south," and 
in which the four quarters of the heavens in hke manner are 
indicated by these four groups.* 

While a large and splendid portion of the southern heav- 
ens bevond stars having 53® S. Docl. were unknown in an- 
cient times, and even in the earlier part of the Middle Ages, 
the knowledge of the southern hemisphere was gradually 
completed about a century before the mvention and appli- 
cation of the telescope. At the time of Ptolemy there were 
visible on the horizon of Alexandria, the Altar, the feet of 
the Centaur, the Southern Gross, then included in the Cen- 
taur, and, according to Pliny, also called Casaris Throntis, 
in honor of Augustus,t and Canopus (Canobus) in Argo, 
which is called Ftolenuson by the scholiast to Germanicus.i 

* LcpshiB, ChronoL der jEgypier, bd. i., s. 143. In tlio Ilobrow 
text mention is mndo of A$ch, tlio giant (Orion ? V tho many stors (the 
Pleiades, Gomut T), and " tlie Chambers of the South." The Soptua- 
gi.it gives: 6 notCtv 'EAreada Kal *Eanepov nal *ApKToi>pov koI rofieta 

VOTOV, 

The early English translators, like the Germans and Dutch, under- 
stood the first group referred to in the verse to signify the stars in tho 
Great Dear. Thus we find in Coverdale's version, ** He maketh the 
waynes of heaven, the Orions, tho vii. stars, and the secret places of 
the south." — Adnm Clarke's Commentary on ike Old Teitomeii/.— (Tr.) 

t Ideler, Stemnament s. 295. 

t Martianus Capolla changes PtolenuBon into PtoUmteue; both names 
were devised by the flatterers at the court of the Esyption sovereigns. 
Amerigo Vespucci thought he had seen three Conopi, one of which was 
quite dark {foseo)t Canopus ingent et m jr«r of the Latin translation; most 
probably one of the black c^-sacks. (Humboldt, Examtn CrU, de 
la Qiogr.f tom. v., p. 227, 229.) In the above-named JS/em. CkronoU 
et Attron, by El-Fergoni (p. 100), it is stated that the Christian pilgrims 
nsed to call the Sohd of tne Arabs (Canopus) the star of St. Catharine, 
becouso they had tho gratification of observing it, and admiring it as a 
guiding star when they journeyed from Gaza to Mount Sinai. In a fine 
episode to the Romayana, the oldest heroic poem of Indian antiquity, 
the stars in the vicinity of the South Pole are declared for a singular 
reason to have been more recently created than the northern. When 
Brahminical Indians were emigrating from the northwest to the coun 
tries around the Ganges, from me 30th decree of north latitude to tho 
lands of the tropics, where they snbjectea the original inhabitants to 
their dominion, they saw unknown stars rising above the horizon as 
they advanced toward Ooylon. In acconlance with ancient practice, 
they combined those stars into new constellations. A bold ficUon rep* 
resented tho later-seen stars as having boon subsequently created by 
the miraculous power of Visvamitra, wno threatened " the ancient gocu 
that he would overcome the northern hemisphere with his more richly- 
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In the catalogue of the Almagest, Achemar, a star of the 
first magnitude, the last in Eridanus (Achir el-nahr, in 
Arabic), is also given, although it was 9^ below the hori* 
zon. A report of the existence of this star must therefore 
have reached Ptolemy through the medium of those who had 
made voyages to the southern parts of the Eed Sea, or be- 
tween Ocelis and the Malabar emporium, Muziris.* Though 
improvements in the art of navigation led Diego Cam, to- 
gether with Martin Behaim, along the western coasts of Af- 
rica, as early as 1484, and carried Bartholomew Diaz in 
1487, and Gama in 1497 (on his way to the East Indies), 
far beyond the equator, into the Antarctic Soas, as far as 
35® south lat., the first special notice of the large stars and 
nebulous spots, the first description of the '* Magellanic 
clouds" and the *' coal-sacks," and even the fame of " the 
wonders of the heavens not seen in the Mediterranean," be- 
long to the o[M)ch of Yiccuto Yailoz rinzon, Amerigo Ves- 
pucci, and Andrea Ooi-saii, between 1500 and 1515. The 
distances of tlio stars of the southern hemisphere were meas- 
ured at the close of the sixteenth and the beginning of the 
seventeenth century. t 

Laws of relative density in the distribution of the fixed 
stars in the vault of heaven first began to be recognized 
when Sir William Hcrschcl, in the year 1785, conceived 
the happy idea of counting the number of stars which passed 

starred soathem hemisphere.'' (A. W. von Schlegol, in the Zeitichrifl 
far die Kunde des MorgetUandeSf bd. i., s. 240.) While this Indian 
myth figuratively depicts the astonishment excited in wandering na- 
tions by the aspect of a new heaven (as the celebrated Spanish poet, 
Garcibiso do la Yoga, says of truvolers, ** they change at onco their coun- 
try and stars," mudan de pay$ y de eiirellas), we are powerfully re- 
minded of the impression that must have been excited, even in the 
rudest nations, when, at a certain part of the earth's surface, they ob- 
served large, hitherto unseen stars appear in the horizon, as those in 
tho foot of the Ouiituur, in the Southom Cross, in Bridunus or in Axao, 
whilo thoso with which thoy had boon long familiar at homo wholly 
disappoarol. Tho fixod stars advance toward us, and again recede, 
owing to tho procession of tho equinoxes. Wo havo already mentioned 
that tho Southom Cross was 7° above the horizon, in the countries 
around tho Baltic, 2900 years before our era; at a time, therefore, when 
tlio great pyramids had already existed five hundred years. (Compare 
Cosmoif vol. i., p. 149, and vol. ii., p. 282.) " Canopus, on the other 
hand, can never have been visible at Berlin, as its distance from the 
south pole of the ecliptic amounts to only 14^. It would have required 
a distance of 1^ more to bring it within the limits of visibility for our 
horizon." • Coitnotf vol. ii., p. 571, 572. 

t Olbers, in Schumacher's Jahrb, fAr 1840, s. 249, and CostnoSf vol. i., 
p. 51. 
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at difibrent heights and in yarious directions over the field 
of view, of W in diameter, of his twenty-feet reflecting tel- 
escope. Frequent reference has already been made in the 
present work to his laborious process of " gauging the heav- 
ens." The field of view each time embraced only ^^.^i^^^th 
of the whole heavens ; and it would therefore require, ac- 
cording to Struvo, eighty-throe years to gauge the whole 
sphere by a similar process.* In investigations of the par- 
tial distribution of stars, wo must specially consider the class 
of magnitude to which they photometrically belong. If wo 
limit our attention to the bright stars of the first three or 
four classes of magnitudes, we shall find them distributed on 
the whole with tolerable imiformity,t although in the south- 
em hemisphere, from e Ononis to a Crucis, they are locally 
crowded together in a splendid zone in the direction of a 
great circle. The various opinions expressed by difierent 
travelers on the relative beauty of the northern and south- 
em hemispheres, frequently, I believe, depends wholly on the 
circumstance that some of these observers have visited the 
southern regions at a period of the year when the finest por- 
tion of the constellations culminate in the daytime. It fol- 
lows, from the gaugings of the two Herschels in the north- 
em and southern hemispheres, that the fixed stars from the 
fifth and sixth to the tenth and fifteenth magnitudes (par- 
ticularly, therefore, telescopic stars) increase regularly in 
density as we approach the galactic circle (6 yaXa^ia^ kH* 
kXo^) ; and that there are therefore polos rich in stars, and 
others poor in stars, the latter being at right angles to the 
principal axis of the Milky Way. The density of the stellar 
light is at its minimum at the poles of the galactic circle ; 
and it increases in all directions, at first slowly, and then rap- 
idly, in proportion to the increased galactic polar distance. 
By an ingenious and careful consideration of the results 
of the gauges already made, Struve found that on tJte average 
there are 29*4 times (nearly 30 times) as many stars in the 
center of the Milky Way as in regions surrounding the ga- 
lactic poles. In northern galactic polar distances of 0^, 30^, 
60^, 75^, and 90^, the relative numbers of the stars in a tel- 
escopic field of vision of 16' diameter are 4*15, 6*62, 17*68, 
30*30, and 122*00. Notwithstanding the great similarity 
in the law of increase in the abundance of the stars, we 
again find in the comparison of those zones an absolute pre- 

* Etudet d^AHr, Siellaire, note 74, p. 31. 
t ChUlmet of AHr,, $ 785 
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ponderanoe* oil tho side of the more beautiful Bouthem 
heavens. 

'Whoa in 1813 I roquoBted Captain Scliwinok (of the En- 
gineers) to communicate to me the distribution according to 
right ascension of the 12,148 stars (from the first to the sev- 
enth inclusive), which, at Bessers suggestion, he had noted 
in his Mappa Ccdestis, he found in four groups- 
Eight Ascension, SO"" to 140^ 3147 stars. 

140° 230° 2627 " 
230° 320° 3523 " 
320° 60° 2851 " 

These groups correspond with the more exact results of the 
JEtudes Stellaires, according to which the maxima of stars 
of the first to the ninth magnitude occur in the right ascen- 
sion 6h. 40m. and. 18h. 40m., and the minima in the right 
ascension of Ih. 30m. and 13h. 30m. t 

It is essential that, in reforenoe to the conjectural struc- 
ture of the universe and to the position or depth of these 
strata of conglomerate matter, we should distinguish among 
the countless number of stars with which the heavens are 
studded, those which are scattered sporadically, and those 
which occur in separate, independent, and crowded groups. 
The latter are the so-called stellar clusters or stvarms, which 
frequently contain thousands of telescopic stars in recogniza- 
ble relations to each other, and which appear to the imaided 
eye as round nebula), shining like comets. These are, the 
nebulous stars of Eratosthenesf and Ptolemy, the nelndosa 
of the Alphonsine Tables in 1483, and the same of which 
Galileo said in the Nuncius Sidereus^ " Siout areols spar- 
sim per sQthera subfulgent." 

These clusters of stars are either scattered separately 
throughout the heavens, or closely and irregularly crowded 
together, in strata, as it were, in the Milky Way, and in the 
Magellanic clouds. The greatest accumulation of globulaT 
clusters, and the most important in reference to the config 
uration of the galactic circle, occurs in a region of the south- 
em heavens} between Corona Australis, Sagittarius, the 

* Op. cU,t $ 795, 79G ; Strove, Eludc$ d'Astr. 8UU,, p. 6G, 73 (and 
note 75). 

t Strave, p. 59. Schwinck finds in his maps, R. A. 0^-90^, 2858 
stars; B. A. 900-180^, 3011 stars; R. A. IS:P"270^, 2688 stars; R. A 
2700-360^,3591 stars; sum total, 12,148 stars to the seventh mapitnde 

X On the nebula in the right hand of Perseus (near the hilt of hia 
iword), see Eratosth., CatMt,, c. 22, p. 51, Schaubach. 

% John Ilurschel's OlnertfcUhnt at tkt Cape, ^ 105, p. 130. 
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tail of Scorjno, and tho Altar (E. A. IGh. 45m.-19h.). All 
cluKters in and near tho Milky Way are not, however, round 
and globular ; there are many of irregular outline, with but 
few stars and not a very dense center. In many globular 
clusters the stars are uniform in. magnitude, in others they 
vary. In some few cases they exhibit a fine reddish cen- 
tral star* (R. A. 2h. 10m. ; N Decl. 66^ 21'). It is a dif- 
ficult problem in dynamics to understand how such island- 
worlds, with their multitude of suns, can rotate free and un 
disturbed. Nebulous spots and clusters of stars appear sub- 
ject to difibrent laws in their local distribution, although the 
former are now very generally assumed to consist of very 
small and still more remote stars. The recognition of these 
laws must specially modify the conjectures entertained of 
what has been boldly termed the ** structure of the heav- 
ens." It is, moreover, worthy of notice, that, with an in- 
strument of equal aperture and magnifymg power, round 
nebulous spots are more easily resolved into clusters of stars 
than oval oncs.t 

I will content myself with naming tho following among 
the isolated systems of clusters and swarms of stars. 

The Pleiades : doubtless known to the rudest nations from 
the earliest times; the mariner* s stars — ^Pleias, and rov 
nXelv (from nXelv, to sail), according to tlio etymology of 
the old scholiast of Aratus, who is probably more correct than 
those modem writers who would derive the name from nXiog, 
plenty. The navigation of the Mediterranean lasted from 
May to the beginning of November, from tho early rising to 
the early setting of the Fbiades. 

PrsBsepe in Cancer : according to Pliny, nubecula quam 
Prcesepia vacant inter Asdlos, a ve^eAiov of the Pseudo* 
Eratosthenes. 

The cluster of stars on the sword-hilt of Perseus, frequent- 
ly mentioned by Greek astronomers. 

Coma Berenices, like the three former, visible to the naked 
eye. 

A cluster of stars near Arcturus (No. 1663), telescopic : 
R. A. 13h. 34m. 12s., N. Decl. 29"" 14' ; more than a thousand 
stars from the tenth to the twelfth magnitude. 

Cluster of stars between fj and ( Herculis, visible to the 
naked oyo in clear nights. A magnificent object in tho tel* 
osoopo (No. 1968), with a singular radiating margin ; 11. A« 

* Outlinet, $ 864-8G9, p. 591-596 ; Madler's A$ir,, b. 764* 
f Obiervatiom at the Cape, ^ 29, p. 19. 
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16h. 35m. 376., N. Decl. 36<> 47' ; first desoribed by Halley 
m 1714. 

A cluBlor of Stan noar o) Oeniauri ; doscribod by Halloy at 
early as 1677 ; appearing to the naked eye as a round cometio 
object, almost as bright as a star of the fourth or fifth magni- 
tude ; in powerful instruments it appears composed of coimt- 
less stars of the thirteenth to the fifteenth magnitude, crowd- 
ed together and most dense toward the center ; H. A. 13h. 
16m. 38s., S. Decl. 46<' 35' ; No. 3504 in Sir John Herschors 
catalogue of the clusters of the southern hemisphere, 15' in 
diameter. (Obset'vations at the Capct p. 21, 105 ; Outlines 
of Astr., p. 595.) 

Cluster of stars near ic of the Southern Gross (No. 3435), 
composed of many-colored small stars from the twelfth to the 
sixteenth magnitude, distributed over an area of ^Vth of a 
H([uaro degree ; a nebulous star, according to Lacaillo, but 
so completely resolved by Sir John llcrschol that no nebulous 
mass remained ; the central star deep red. {Observations 
at tlie Cajfe, p. 17, 102, j^l. i., fig. 2.) 

Oiustcr of stars, 47 Toucani, Bode ; No. 2322 of Sir John 
Herschors catalogue, one of the most remarkable objects in 
the southern heavens. I was myself deceived by it for sev- 
eral evenings, imagining it to be a comet, when, on my ar- 
rival at Peru, I saw it in 12^ south lat. rise high above the 
horizon. The visibility of this cluster to the naked eye is in- 
creased by the circumstance that, although in the vicinity 
of the lesser Magellanic cloud, it is situated in a part of the 
heavens containing no stars, and is from 15' to 20' in diam- 
eter. It is of a pale rose color in the interior, concentrically 
inclosed by a white margin composed of small stars (four- 
teenth to sixteenth magnitude) of about the same magnitude, 
and presenting all the characteristics of the globular form.* 

A cluster of stars in Andromeda's girdle, near v of this con- 
stellation. The resolution of this celebrated nebula into small 
stars, upward of 1500 of which have been recognized, apper- 
tains to the most remarkable discoveries in the observing as- 
tronomy of the present day. The merit of this discovery is due 
to Mr. George Bond, assistant astronomerf at the Observatory 

* <* A stupendous object — a most magnificent globular cluster,'' says 
Sir John Herschel, ** completely insulaledf upon a ground of the sky per- 
fectly black throughout the whole breadth of the sweep.'' — Observationt 
ot the CapCt p. 18 and 51, Fl. iii., fig. 1 ; Oullinea^ $ 895, p. 615. 

t Bond, in the Memoin of the American Academy of Art* and ScicnecSf 
new series, vol. iii., p. 75. 
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of Cambridge, United States (March, 1848), and testifies to 
the admirable illuminating power of the refractor of that Ob* 
servatory, which has an object-glass fifteen inches in diam- 
eter ; since even a reflector with a speculum of eighteen inch 
es in diameter did not reveal " a trace of the presence of a 
star."* Although it is probable that the cluster in Adrom- 
eda was, at the close of the tenth century, already recorded 
as a nebula of oval form, it is more certain that Simon Ma- 
rius (Mayer of Guntzenhausen), the same who first observed 
the cnange of color in scintillation.t perceived it on the 1 5th 
of Dccombcr, 1612 ; and that ho was the first who doBcribcd 
it circumstantially as a new starless and wonderful cosmical 
body unknown to Tycho Brahe. Half a century later, Bouil- 
laud, the author of Astronomia PhUolaica, occupied himself 
with the same subject. This cluster of stars, which is 2i^ 
in length and more than 1^ in breath, is specially distinguish- 
ed by two remarkable very narrow black streaks, parallel to 
each other, and to the longer axis of the cluster, which, ac- 
cording to Bond's investigations, traverse the whole length 
like fissures. This configuration vividly reminds us of the 
singular longitudinal fissure in an unresolved nebula of the 
southern hemisphere. No. 3501, which has been described 
and figured by Sir John Herschel. {Observations at the 
Cape, p. 20, 105, pi. iv., fig. 2.) 

Notwithstanding the important discoveries for which wo 
are indebted to Lord Kosse and his colossal telescope, I havo 
not included the groat nebula in Orion's bolt in this selection 
of remarkable clusters of stars, as it appeared to me more ap- 
propriate to consider those portions of it which have been re- 
solved in the section on Nebulse. 

The greatest accumulation of clusters of stars, although 
by no means of nebuls), occurs in the Milky Wayt {Gataxias, 

• OiUHn€»,i 874, p. 601. 

t Dolambro, Hist, de VAsir, Modcme, t. i., p. G97. 

i Wo are indebted for the first and only complete description of tho 
Milky Way, in both hemispheres, to Sir John Herschel, in his ResuUt 
of Astronomical ObservcUionSt mctde during the Years 1834-1838, at the 
Cape of Good Hope, $ 316-335, and still more recently in the Outlines 
of Astronomy, $ 787-799. Throughout the whole of tliat section of tho 
Cosmos which treats of the directions, ramifications, and various con- 
tents of the Milky Way, I have exclusively followed the above-named 
astronomer and physicist. (Compare also Struvo, Etudes d*Astr, Stel* 
laire, n. 35-79; Madlor, Ast,, 1849, i 213; Cosmos, vol. i., p. 103, 150.) 
I need scarcely here remark that in my description of tho Milky Way, 
in order not to confuse certainties with uncertainties, I have not refer* 
red to what I had myself observed with instrumenta of a very inferior 
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the celestial river of the Arabs*),. which forms almost a groat 
oirolo of the sphere, and is inclined to the equator at an an- 
gle of G3° .« The polos of the Milky Way are Hituated in Right 
Ascension 12h. 4J7m., N. Decl. 27° ; and R. A. Oh. 47m., S. 
Decl. 27° ; the south galactic pole therefore lies near Coma 
Berenices, and the northern between Phoenix and Cetus. 
While all planetary local relations are referred to the eclip- 
tic — the great circle in which the plane of the sun's path in- 
tersects the sphere — ^we may as conveniently refer many of 
the local relations of the fixed stars, as, for instance, that of 
their accumulation or grouping, to the nearly complete circle 
of the Milky Way. -t^ Considered in this light, the latter is to 
the sidereal world what the ecliptic is to the planetary world 
of our solar system. The Milky Way cuts the equator in 
Monoceros, between Procyon and Sirius, R. A. 6h. 54m. (for 
1800), and in the left hand of Antinous, R. A. 19h. 15m. 
The Milky Way, therefore, divides the celestial sphere into 
two Bomewhat unc(pml halves, whose areas are nearly as 8 
to 9. In the smaller portion lies the vernal solstice. The 
Milky Way varies cousidorably in breadth in diflerent parts 
of its course.t At its narrowest, and, at the same time, most 
brilliant portion, between the prow of Argo and the Cross, 
and nearest to the Antarctic pole, its width is scarcely 3° or 
'4° ; at other parts it is 16°, and in its divided portion, be- 
tween Ophiuchus and Antinous, as much as 22°.| William 
Herschel has observed that, judging from his star-gaugings, 
the Milky Way would appear in many regions to have 6° or 
7° greater width than we should be disposed to ascribe to 
it from the extent of stellar brightness visible to the naked 
eye."» , 

Huygens, who examined the Milky Way with his twenty- 
three feet refractor, declared, as early as the year 1656, that 
the milky whiteness of the whole Galactic zone was not to 

illuminating ))owor, in reference to the very great inequality of the 
light of the whole zone, during uiy long residence in the soutlieru hem- 
isphere, and which I have recorded in my journals. 

* The comparison of the ramified Milky Way with a celestial river 
led the Arabs to designate parts of the constellation of Sagittarius, whose 
bow falls in a region rich in stars, as the cattle going to drink, and to 
associate with them the ostrich , which has so little need of water. (Ide> 
ler, Untertuehungen iiber den Ursprung wid die Bedeutung der Stemuo' 
men, ^ 78, 183, and 187 ; Niebuhr, Betehreibung von Arabien, s. 112.) 

t Outlinet, p. 539; Schubert, Att., th. iii., s. 71. 

i Struve, Etudei d*Aitr. Stellaire, p. 41. 

\ Cotmot, vol. i., p. 150 
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be ascribed to irresolvable nebulosity. A more careful ap- 
plication of reflecting telescopes of great dimensions and pow- 
er of light has since proved, with more certainty, the cor 
rectness of the conjectures advanced by Democritus and Ma* 
nilius, in reference to the ancient path of Phaeton, that this 
milky glimmering light was solely owing to the accumu 
latod strata of small stars, and not to the scantily inter 
spersed nobulo). This eflusion of light is the same at points 
where the whole can be perfectly resolved into stars, and 
even in stars which are projected on a black ground, wholly 
free from nebulous vapor.* It is a remarkable feature of 
the Milky Way that it should so rarely exhibit any globular 
clusters and nebulous spots of a regular or oval form ;t while 
both are met with in great numbers at a remote distance 
from it ; as, for- instance, in the Magellanic clouds, where 
isolated stars, globular clusters in all conditions of condensa- 
tion, and nebulous spots of a definite oval or a wholly irreg- 
ular form, are intermingled. A remarkable exception to 
the rarity of globular clusters in the Milky Way occurs in a 
region between It. A. IGh. 45m. and 18h. 44m., between the 
Altar, the Southern Crown, the head and body of Sagitta- 
rius, and the tail of the Scorpion. t We even find between 
e and of the latter one of those annular nebulro, which are 
of such extremely rare occurrence in the southern hemi- 
sphere. 

In the field of view of powerful telescopes (and wo must 
remember that, according to the calculations of Sir William 

* "Stars standing on a clear block ground." (Oh$ervtUiont at the 
CapCt p. 391.) '* This remarkable bolt (the Milky Way, when exam- 
ined throngh powerfal telescopes) is found rwonuerful to relate !) to 
tontist entirely of stars scattered by millionst liko glittering dust on tho 
tl(»ck ground of the general heavens." — Outlines, p. 182, 537, and 539. 

t " Ohlmlar clusterst excepting in ono region of small extent (be- 
tween 16li. 45m. and 19h. in R. A.), and nebulie of regular elliptic 
forms, are comparatively rare in the Milky Way, ond are found con- 
gregated in the greatest abundance in a port of the heavens the most 
remote possible from that circle." {Outlines, p. 614.) Uuygens him- 
self, OS early as 1656, had remarked the absence of nebulosity ond of 
oil nebulous spots iu the Milky Way. In the same place where he 
mentions tb i nrst discovery ond delineation of the great nebulous spots 
in the belt of Orion, by a twenty-ei^ht feet refractor (1656), he says 
(as I hove olreody remarked in vol. ii., p. 330, and note), viam laeteam 
perspieillis inspectam nullas habere nebulas, and that the Milky Woy, like 
all that has been regarded as nebulous stars, is a great cluster of start 
Tho passage is to bo found in Hugenii Opera varia, 1724, p. 540. 

t Observations at the Cape, $ 105, 107, and 328. On tho annular neb 
uln;; No. 3G86, see p. 114. 

Vol. III.-. "\ 
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Henohel, a twenty-feot iiutrament penotratei 900, and a 
forty-foot ono 2800 distances of Sinus), tho Milky Way ap- 
pears as divorsifiod in its sidoreal contents as it is irregular 
and indefinite in its outlines and limits when seen by thr 
unaided eye. While in some parts the Milky Way exhibits 
throughout a large space, the greatest uniformity in the liglii 
and apparent magnitudes of the stars, in others the most 
brilliant patches of closely-crowded luminous points are in- 
terrupted by granular or reticular darker* intervals contain- 
ing but few stars ; and in some of these intervals in the in- 
terior of the Galaxy not the smallest star (of the 18m. or 
20m.) is to bo discovered. It almost seems as though, in 
these regions, we actually saw through the whole starry 
stratum of the Milky Way. In gauging with a field of view 
of 15' diameter, fields presenting on an average forty or fifty 
stars are almost immediately succeeded by others exhibiting 
from 400 to 500. Stars of tho higher magnitudes often oc- 
cur in tho midst of the most minute telescopic stars, while 
all tho intermediate classes are absent. Perhaps those stars 
which we regard as belonging to the lowest order of mag- 
nitudes do not always appear as such, solely on account of 
their enormous distance, but also because they actually have 
a smaller volume and less considerable development of light. 
In order rightly to comprehend tho contrast presented by 
the greater brilliancy, abuuduuco, or paucity of stars, it will 
be necessary to compare regions most widely separated from 
each other. The maximum of the accumulation and the 
greatest luster of stars are to be found between the prow of 
Argo and Sagittarius, or, to speak more exactly, between the 
Altar, the tail of the Scorpion, the hand and bow of Sagit- 
tarius, and the right foot of Ophiuchus. *'No region of the 
heavens is fuller of objects, beautiful and remarkable in 
themselves, and rendered still more so by their mode of as- 
sociation" and grouping, t Next in brightness to this por- 

* " Intervals absolutely dark and completely void of any ttar of tho 
smallest tuloscopic niagiutudo." — OiUliue*, P. 53G. 

t ** No region of the heavens is fuller of objects, beautiful and ro* 
markable in themselves, and rendered still more so by their mode of 
association, and by the peculiar features assumed by the Milky Way, 
which ore without a parallel in any other part of its course." — Obierw- 
ation$ at the Cape, p. 386. This vivid description of Sir John Hersche] 
entirely coincides with the impressions I have myself experienced. 
Capt. Jacob, of the Bombay Eu^neers, in speaking of the intensity of 
li^fit in tho Milky Way, in the vicinity of tho Southern Cross, remarks 
with Htrikiiig truth, '* Such is tho Kcnornl binzo of starlight near tho 
Gross from that part of tho sky, thut a pei'son is immediately made 
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lion of tho souihom hoavons ii tho ploosing and riohly-stor- 
rod region of our northom homisphoro in Aquila and Oyg- 
nu8, whore the Milky Way branches off in dilTercnt direc- 
tions. While the Milky Way is the narrowest under the 
foot of tho Oross, the region of minimum brightness (where 
there is the greatest paucity of stars in tho Galactic zono) is 
in the nsighborhood of Monoceros and Forscus. 

The magnificent efTulgenco of the Milky Way in tho south- 
cm hemisphere is still further increased by the circumstance 
that between the star 17 Argils, which has become so cele- 
brated in consequence of its variability, and a Orucis, undei 
the parallels of 59° and 60° south lati, it is intersected at 
an angle of 20° by the remarkable zone of very large and 
probably very proximate stars, to which belong the constella- 
tions Orion, Canis Major, Scorpio, Centaurus, and the South- 
em Cross. The direction of this remarkable zone is indi- 
cated by a great circle passing through e Orionis and the 
foot of tiie Gross. The picturesque effect of the Milky Way, 
if I may use tho oxprcssion, is increased in both hemispheres 
by its various ramifications. It remains undivided for about 
two fifths of its length. According to Sir John Horschcrs 
observations, the branches separate in the great bifurcation 
at a Centauri,* and not at P Cent., as given in our maps of . 
tho stars, or, as was assorted by rtolomy,t in tho constella- 
tion of the Altar ; they reunite again in Cyguus. 

In order to obtain a general insight into tho wholo courso 
and direction of the Milky Way with its subdivisions, we 
will briofiy consider its parts, following tho order of thoir 
Uight Ascension. Passing through y and b OassiopoioD) tho 
Milky Way sends forth toward e Fersei a southern branch, 
which loses itself in the direction of the Fleiades and Hyades. 
The main stream, which is here very faint, passes on through 
Auriga, over the three remarkable stars e, ^, 97, the Hsedi of 
that constellation, preceding CapeU i between the feet of Gem- 
ini and the horns of the Bull (where it intersects the eclip* 

aware of its having risen above the horizon, though he should not be at 
the time looking at the heavens, by the increase of general illumination 
of the atmosphere, reterabling the effect of the youiig moon." (See 
Piazzi Smyth, On the Orbit of a Centauri, in the Transact, of the RoyiA 
60c. of Edinburght vol. xvi., p. 445.) 

* Outlines, ^ 789, 791 ; Observations at the Cape, $ 325. 

t Almagest, lib. viii., cap. 2 (t. ii., p. 84, 00, llulma). rtolemv's de- 
scription IS admirable in some parts, especially -when compared with. 
Aristotle's treatment of the subject of tlio Milky Way, in Meteor (lib 
i.. p. 29, 34, according to Id^lor's odttiouV 
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tio nearly in the solstitial colure), and thence over Orion's 
club to the neck of Monoceros, intersecting the equinoctial 
(in 1800) at 11. A. 6h. 54m. From this point the brightness 
considerably increases. At the stem of Argo one branch 
runs southward to y Argils, where it terminates abruptly. 
The main stream is continued to 33° S. DecL, where, after 
separating in a fan-like shape (20° in breadth), it again 
breaks ofi^ so that there is a wide gap in the Milky Way in 
the line from y to A Argus. It bcgms again in a similar 
fan-like expansion, but contracts at the hind foot of the Cen- 
taur and before its ouirunco into the Southern Gross, whore 
it is at its narrowest part, and is only 3° or 4° in width. 
Soon after this the Milky Way again expands into a bright 
and broad mass, which incloses (i Gentauri as well as a and 
|3 Grucis, and in the midst of which lies the black pear- 
shaped coal-sack, to which I shall more specially refer in the 
soveuth section. In this remarkable region, somewhat below 
the coal-Back, the Milky Way approaches nearest to the South 
Polo. 

The above-mentioned bifurcation, which begins at a Gen- 
tauri, extended, according to older views, to the constellation 
Gygnus. Passing from a Gentauri, a narrow branch runs 
northward in the direction of the constellation Lupus, where 
it seems gradually lost; a division next shows itself at y 
Normse. The northern branch forms irregular outlines till 
it reaches the region of the foot of Ophiuchus, where it wholly 
disappears ; the most southern branch then becomes the 
main stream, and passes through the Altar and the tail of 
the Scorpion, in the direction of the bow of Sagittarius, 
where it intersects the ecliptic in 276° long. It next runs 
in an irregular patchy and winding stream through Aquila, 
Sagitta, and Yulpecula up to Gygnus ; between e, a, and y, 
of which constellation a broad dark vacuity appears, which, 
as Sir John llorschol says, is not unlike the southern coal- 
sack, and serves as a kind of center for the divergence of 
three great streams.* One of these, which is very vivid and 
conspicuous, may be traced running backward, as it were, 
through j3 Gygni and q AquilsB, without, however, blending 
with the stream already noticed, which extends to the foot 
of Ophiuchus. A considerable offset or protuberant append- 
age is also thrown off by the northern stream from the head 

* Outlinest p. 531. The strikingly dark spot between a aud y Cob- 
tiopeioe is also ascribed to tbe conti*HSt with the brightness by which it 
is surrounded. See Struve, Etudes Stell., note 58. 
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of Cepheus, and therefore near Cassiopeia (from wliich con- 
stellation we began our description of the Milky Way), to- 
ward Ursa Minor and the pole. 

From the extraordinary advancement which the applica- 
tion of large telescopes has gradually ejected in our knowl 
edge of the sidereal contents and of the difierences in the 
concentration of light observable in individual portions of the 
Milky Way, views of merely optical projection have been re- 
placed by others referring rather to physical conformation. 
Thomas Wright, of Durham,* Kant, Lambert, and at first 
also Sir William Hcrschel, were disposed to consider the 
form of the Wilky Way, and the apparent accumulation of 
the stars within this zone, as a consequence of the flattened 
form and unequal dimensions of the tvorld-island (starry 
stratum) in which our solar system is included. The hy- 
pothesis of the uniform magmtude and distribution of the 
fixed stars has recently been attacked on many sides^ The 
bold and gifted investigator of the heavens, Wm. Herschel, 
in his last works,t expressed himself strongly in favor of the 
assumption of an annulus of stars ; a view which ho had 
contested in the talented treatise he composed in 1784. The 
most recent observations have favored the hypothesis of a 
system of separate concentric rings. The thickness of these 
nngs seems very unequal ; and the difierent strata, whose 
combined stronger or fainter light wo receive, are undoubt- 
edly situated at very different altitudes, t. e., at very unequal 
distances from us ; but the relative brightness of the sep- 
arate stars which we estimate as of the tenth to the six- 
teenth magnitude, can not be regarded as affording suflicient 
data to enable us in a satisfactory manner to deduce numer- 
ically from them the radius of their spheres of distances.t 

In many parts of the Milky Way, the space-penetrating 
j[K)wor of instruments is sudlciont to rosoivo whole star- 
clouds, and to show the separate luminous points projected 
on the dark, starless ground of the heavens. We here abt- 

* De Morgan has given an extract of the extremely rare Vork of 
Thomas Wright of Dm'ham ( Theory of the Universe, London, 1750), p 
241 in the Pkilos. Magazine, sor. Hi., No. 32. Thomas Wright, to wnose 
researches the attention of astronomers has been so permanently di 
rected since the beginning of the present century, throash the ingeu 
ioos speculations of Kant and William Herschel, obsonrod only with a 
reflector of one foot focal length. 

t Pfoff, in WUl HerschePs sdmnUl, Sehrifteu, bd. i. (1826), s. 78-8] ; 
fitmve, Eiudet SielL, p. 35-44. 

t Encke, in Schumacher's Aelr. Naehr,, No. 622, 1847 « 3I1-3IC 
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ually look through as into free space. *' It leads us," says 
Sir John Horschcl, ** irresistibly to the conclusion that in 
these regions we see fairly through the starry stratum."* 
In other regions we see, as it were, through openings and 
fissures, remote world-islands, or outbranching portions of the 
annular system ; in other parts, again, the Milky Way has 
hitherto heen fathomless^ even with the forty-feet telescope.f 
Investigations on the different intensity of light in the Milky 
Way, as well as on the magnitudes of the stars, which regu- 
larly increase in number from the galactic poles to the circle 
itself (an increase especially observable for 30° on cither side 
of the Milky Way in stars below the eleventh magHitude,t 
and therefore in |f ths of all the stars), have led the most 
recent investigator of the southern hemisphere to remarkable 
views and probable results in reference to the form of the 
galactic annular system, and what has bocu boldly called 
the mn^s place in the world-island to which this annular 
system belongs. The place assigned to the sun is eccentric, 
and probably near a point where the stratum bifurcates or 
spreads itself out into two sheets,} in one of those desert re- 
gions lying nearer to the Southern Gross than to the oppo- 
site node of the Milky Way.H " The depth at which our 
system is plunged in the sidereal stratum constituting the 
galaxy, reckoning from the southern surface or limit of that 

* OutUneSf p. 536, 537, where wo find the following words on the 
same subject : ** In such cases it is equally impossible not to perceire 
that we are looking through a sheet of stars nearly of a size, and of 
no great thickness compared with the distance which separates them 
from us." 

t Struve, Etudes Stell., p. 63. Sometimes the largest instruments 
reach a portion of tlie heavens, in which the existence of a starry stra* 
turn, shining at a remote distance, is only announced by ** a uniform 
dotting or stippling of the field of view." See, in ObserwUions at the 
Cape, p. 390, tho section ** On some indications of very remoto tele- 
Hcupic branches of the Milky Way, or of uu independent sidoroal sys- 
tem or systems buiuing a resomblunco to such branches." 

t Olnervations at the CapOf ^314. 

$ Sir Williaiii Iloivchol, in the Philos, Tramaet.for 1785, p. 21 ; Sir 
John llorschul, Obtcrvalione at tho Capo, $ 2D3. cTouiparu also Struve, 
Voter, de VObtervaioire do Poulkova, 1845, p. 267-271. 

I '' I think," says Sir John llerschel, ** it is impossible to view this 
splendid zone from a Ccntauri to the Cross without an impression 
amounting almost to conviction that the Milky Way is not a mere stra- 
tum, but annular; or, at least, that our system is placed within one of 
the poorer or almost vacant parts of its general mass, and that eccen- 
trically, so as to be much nearer to the region about the Cross than to 
that diametrically opposite to it." (Mary Somerville, On the Connee* 
Hon qfihe Physical Sciences, 1846, p. 410.) 
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Biratum, is about equal to that distance which, on a general 
average, corresponds to the light of a star of the ninth or 
tenth magnitude, and certainly does not exceed that corre 
spending to the eleventh."* Where, from the peculiar nature 
of individual problems, measurements and the direct evi- 
dence of the senses fail, we see but dimly those results which 
intellectual contemplation, urp;od forward by an intuitive im- 
pulse, is over striving to attain. 



IV. 

NEW STARS AND STARS THAT HAVE VANISIIED.-.VARIADLE STARS, 
WHOSE RECURRING PERIODS HAVE BEEN DETERMINED.— VARIA- 
nONS IN THE INTENSITY OF THE LIGHT OF STARS WHOSE PERI- • 
ODICITY IS AS YET UNINVESTIGATED. 

New Stars. — ^The appearance of hitherto unseen stars in 
the vault of heaven, especially the sudden appearance of 
strongly-scintillating stars of the first magnitude, is an oc- 
currence in the realms of space which has ever excited as- 
tonishment. This astonishment is the greater, in proportion 
as such an event as the sudden manifestation of what was 
before invisible, but which nevertheless is supposed to have 
previously existed, is one of the very rarest phenomena in 
nature. While, in the three centuries from 1500 to 1800, 
as many as forty-two comets, visible to the naked eye, have 
appeared to the inhabitants of the northern homisphoro-. 
on an average, fourteen in every hundred years— only eight 
new stars have been observed throughout the same period. 
The rarity of the latter becomes still more striking when 
we extend our consideration to yet longer periods. From 
the completion of the Alphonsine Tables, an important epoch 
in the history of astronomy, down to the time of William 
Herschel — ^that is, from 1252 to 1800 — ^the number ofvisi' 
hie comets is estimated at about sixty-three, while that of 
new stars does not amount to more than nine. Conse(]^uent- 
ly, for the period during which, in the civilized countries of 
Europe, we may depend on possessing a tolerably correct 
enumeration of both, the proportion of new stars to comets 
visible to the naked eye is as one to seven. We shall pres- 
ently show that if from the tailless comets we separate the 
new stars which, according to the records of Ma-tuan-lin, 

* Ob»erv<Uion» at tie Capet $ 315. 
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have been observed iu China, and go book to the middle o.* 
the second oontury before the Christian era, that for about 
2000 years scarcely more than twenty or twenty-two of such 
phenomena can be adduced with certainty. 

Before I proceed to general considerations, it seems not 
inappropriate to quote the narrative of an eye-witness, and, 
by dwelling on a particular instance, to depict the vividness 
of the impression produced by the sight of a new star. " On 
my return to the Danish islands from my travels in Germa- 
ny," says Tycho Brahe, " I resided for some time with my 
uncle, Steno Bille (ut aulicso vitso fostidium lenirem), in the 
old and pleasantly situated monastery of Herritzwaat ; and 
here I made it a practice not to leave my chemical labora- 
tory until the evening. liaising my eyes, as usual, during 
one of my walks, to the well-known vault of heaven, I ob- 
served, with indescribable astonishment, near the zenith, in 
Cassiopeia, a radiant fixed star, of a magnitude never be- 
fore seen. In my amazement, I doubted the evidence of my 
senses. However, to convince myself that it was no illusion, 
and to have the testimony of others, I summoned my assist- 
ants from the laboratory, and inquired of them, and of all 
the country people that passed by, if they also observed the 
star that had thus suddenly burst forth. I subsequently 
heard that, in Germany, wagoners and other common peo- 
ple first called the attention of astronomers to this great phe- 
nomenon in the heavens — a circumstance which, as in the 
case of non-predicted comets, furnished fresh occasion for the 
usual raillery at the expense of the learned. 

" This new star," Tycho Brahe continues, " I found to be 
without a tail, not surrounded by any nebula, and perfectly 
like all_ other fixed stars, with the exception that it scintil- 
lated more strongly than stars of the first magnitude. Its 
brightness was greater than that of Sirius, a Lyro), or Jupi- 
ter. For splendor, it was only comparable to Venus when 
nearest to the earth (that is, when only a quarter of her 
disk is illuminated). Those gifted with keen sight could, 
when the air was clear, discern the new star in the daytime, 
and even at noon. At night, when the sky was overcast, so 
that all other stars were hidden, it was often visible through 
the clouds, if they were not very dense (nubes non admo- 
dum densas). Its distances from the nearest stars of Cassi- 
opeia, which, throughout the whole of the following year, I 
measured with great care, convinced me of its perfect immo- 
bility. Already, in December, 1572, its brilliancy began to 
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diminiBh, and tho star gradually losctAbled Jupitor ; but by 
January, 1573, it had become less bright than that planet. 
SuccesBiye photometric estimates gave the following results : 
for February and March, equality with stars of the fitBt mag- 
nitude (stellarum aflixarum primi honoris — ^for Tycho Brahe 
seems to have disliked using Manilius's expression of steUte 
fixie) ; for April and May, with stars of the second magni- 
tude ; for July and August, with those of the third ; for Oc- 
tober and November, those of tho fourth magnitude. To- 
ward the month of November, the new star was not bright- 
er than the eleventh in tho lower part of Cassiopeia's chair. 
The transition to the iiflth and sixth magnitude took place 
between December, 1573, and February, 1574. In the fol- 
lowing month the now star disappeared, and, after having 
shone seventeen months, was no longer discernible to the 
naked eye." (The telescope was not invented until thirty 
seven years afterward.) 

The gradual diminution of the star's luminosity was, more- 
over, invariably regular ; it was not (as is tho case in the 
present day with t] Argus, though indeed that is not to be 
called a ttew star) interrupted by several periods of rekind- 
ling or by increased intensity of light. Its color also changed 
with its brightness (a fact which subsequently gave rise to 
many erroneous conclusions as to the velocity of colored rays 
in their passage tlirough space). At its first appearance, as 
long as it had the brilliancy of Venus and Jupiter, it was 
for two months white, and then it passed through yellow 
into red. In tho spring of 1573, Tycho Braho compared it 
to Mars ; afterward he thought that it nearly resembled Be- 
telgeux, the star in the right shoulder of Orion. Its color, 
for the most part, was Uke the red tint of Aldebaran. In 
the spring of 1573, and especially in May, its white color re- 
turned (albedinem quandam sublividam induebat, qualis Sa- 
tumi stelliB subcsse videtur). So it remained in January, 
1574 ; being, up to the time of its entire disappearance in 
the month of March, 1574, of the fifth magnitude, and white, 
but of a duller whiteness, and exhibiting a remarkably strong 
scintillation in proportion to its faintncss. 

The circumstantial minuteness of these statements* is of 

* De oflmirantla Nova Sttlla^ anno 1572, exorta in Tyehonit Srahe 
AitroHotnia inatauratte Progymnatmatat 1CU3, p. 298-001, niid 578. lu 
tho text I Uqvo cloBoly folluwod tho account which Tycho Brohe htm* 
lelf givoB. Tho vorv doubtful Btntomoiit (which is, howovcr, roncate<l 
in several nsti'ouomii'ul trcntiw^s) that his utltMitioii was first caucd to 



151 COSMOS. 

itself a proof of the interest which this natural phenomenon 
could not fail to awaken, by calling forth many important 
questions, in an ejKich so brilliant in the history oi astronomy. 
For (notwithstanding the general rarity of the appearance of 
new stars) similar phenomena, accidentally crowded togeth- 
er within the short space of thirty-two years, were thrice re- 
peated within the observation of European astronomers, and 
consequently served to heighten the excitement. The im- 
portance of star catalogues, for ascertaining the date of the 
sudden appearance of any star, was more and more recog- 
nized ; the periodicity* (their reappearance after many cenr 
turies) was discussed ; and Tycho Brahe himself boldly ad- 
vanced a theory of the process by which stars might be 
formed and molded out of cosmical vapor, which presents 
many points of resemblance to that of the great William 
Hcrschol. He was of opinion that the vapory celestial mat- 
ter, which becomes luminous as it condenses, conglomerates 
into fixed stars : '* Cosli matoriam tenuissimam, ubique nostro 
visui ct planetarum circuitibus perviam, in unum globum con- 
densatam, stellam eilingere/' This celestial matter, which 
is universally dispersed through space, has already attained 
to a certain degree of condensation in the Milky Way, which 
glimmers with a soft silvery brightness. Accordingly, the 
place of the now star, as well as of those which became sud- 
denly visible in 945 and 1264, was on the very edge of the 
Milky Way (quo factum est quod nova stcUa in ipso galaxito 
margine constiterit). Indeed, some went so far as to believe 
that they could discern the very spot (the opening or hiatus) 
whence the nebulous celestial matter hud been drawn from 
the Milky Way.f All this reminds one of the theories of 

the pheuomeuon of tho now star by a coucourse of country people, 
noo(t not, ihorefuro, bo hero noticed. 

* Cunlonus, in his coiitroveray with Tycho Draho, went back to the 
star of the Magi, which, as he pretended, was identical with the star 
of 1572. Ideler, arguing from his own calculations of the conjunctions 
of Saturn with Jupiter, and from similar conjectures advanced by Kep- 
ler on the appearance of the new star in Ophiucus in 1604, supposes 
that the $tar of the Magi, through a confusion of aoT^p wiUi Harpov, 
which is so frequent, was not a sni^le great star, but a remarkable con- 
junction of stars — the close approximation of two brightly-shining plan- 
ets at a distance of less tlian a diameter of the moon. — Tychani* Pro* 
gymnaamata, p. 324'330 ; contrast with Ideler, Handbuch der Mathe- 
matUchen u»d Techniichen Chronologies bd. ii., s. 399-407. 

t Progymn., p. 324-330. Tycho Brahe, in his theory of the forma- 
tion of new stars from the Cotmieal vapor of the Milky Way, builds 
much on tho remarkable passages of Aristotle on the connection of the 
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transition of tho cosmical vapor into clusters of stars, of an 
agglomcrativc force, of a concentration to a central nucleus, 
and of hypotheses of a gradual formation of solid bodies out 
of a vaporous fluid — ^views which were generallv received in 
the beginning of the nineteenth century, but which at pres- 
ent, owing to the ever-changing fluctuations in the world of 
thought, are in many respects exposed to new doubts. 

Among newly-appeared temponuy stars, tho following 
(though with variable degrees of certainty) may be reckoned. 
I have arranged them according to the order m which they 
respectively appeared. 

i;) 134 B.O in Scorpio. 

123 A.D in Ophiuchus. 

173 " in OentauruB 

!) 369 " ? 

[e) 386 " in Sagittarius. 

[/) 389 " inAquila. 

393 " in Scorpio. 

827 " in Scorpio. 

ft) 945 ** between Oephous and Oassiopoia. 

\k) 1012 " in Aries. 

Z) 1203 " in Scorpio. 

Im) 1230 " in Ophiuchus. 

[n) 1264 *< between Cepheus and Cassiopeia. 

\p) 1572 " in Cassiopeia. 

p) 1578 " 

iq) 1584 " in Scorpio. . 

r) 1600 " in Cygnus. 

(s) 1604 " in Ophiuchus. 

\t) 1609 " 

\u) 1670 " inVuljjjes. 

[v) 1848 " in Ophiuchus. 

EXPLANATORY REBfARKS. 

(a) This star first appoarod in Jaly, 134 yoors boforo our era. Wo 
have taken it from the Uhineso Records of Ma-taan-lin, for tbo transla- 
tion of which we are indebted to the learned linguist Edward Biot 
{ConnaU»anee det Tempi pour Pan 184G, p. G 1 ). Its place was between 
p and p of Scorpio. Among tho extraordinary foreign-looking stars of 
these records, called also ^uestrstars (itoilet holes, ** Ke-sing/' strangers 
of a singular aspect), which are distuiguished by the obserrers from 
comets with tails, fixed new stars and advancing tailless comets are cer- 
tainly sometimes mixed up. But in the record of their motion ( Ko-sing 

tails of comets (tho vapory radiation from Uioir nuclei) with the galaxy 
to which I have already alluded. (Coemoe, vol. i., p. 103.) 
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of 1092, 1181, and 1458), and in tlie absence of nny s. vh record, as also 
in the occasional addition, " the Ke-sing dissolved" (disapj^eared), there 
is contained, if not an infiillil)1o, yet a very important criterion. Besides, 
we must boar in mind tlmt the light of the nucleus of all comets, wheth* 
er with or without tails, is dull, never scintillates, and exhibits only a 
mild radiance, while the luminous intensity of what the Chinese call 
extraordinary (stranger) stars has been compared to that of Venus — a 
circumstance totally at variance with the nature of comets in general, 
and especially of those without tails. The star which appeared in 134 
B.C., under the old Han dvnasty, may, as Sir John Herschel remarks, 
have been the new star of Hipparchus, which, according to the state- 
ment of Pliny, induced him to commence his catalogue of the stars. 
Delambre twice calls this statement a fiction, '' une historiette." {Hiii. 
de VAttr, Ane., torn, i., p. 290; and Hist, de VAUr. Mod,, tom. i., p. 186.) 
Since, according to the express statement of Ptolemy {Almag., vii., p. 2, 
13, Ilalma), the catalogue of Hipparchus belongs to die year 128 B.C., 
and Hipparchus (as I have already remarked elsewhere) carried on his 
observations in Rhodes (and perhaps also in Alexandria) from 162 to 
127 B.Cl., there is nothing irreconcilable with this conjecture. It is very 
ph>bable that the great Nicean astronomer had pursued his observations 
for a considerable period before he conceived tfie idea of forming a reg- 
ular catalogue. 'JMie words of Pliny, " sue tt)Vo gonita," apply to the 
whole tunn of his life. After the appearance of Tycho Braiie's star in 
1572, it was much disputed whetlier the star of Hipparchus ought to be 
classed among new stai's, or comets without tails. Tycho Bruhe himself 
was of the former opinion (Progymn., p. 319-325). The words ** ejus- 
que motu addubitationem adductus'' may undoubtedly lead to the sui>- 
position of a faint, or altogether tailless comet ; but Pliny's rhetorical 
style admitted of such vagueness of expression. 

(b) A Chinese observation. It appeared in December, A.D. 123, 
between a Uerculis and a Ophiuchi. Ed. Biot, from Ma-tuan-lin. (It 
is also asserted that a new star appeared in the reign of Hadrian, about 
A.D. 130.) 

(r) A singular and very large star. This also b taken from Ma-^an- 
lin, as well as the three Ibllowing ones. 

It appeared on the 10th of December, 173, between a and p Oentauri 
and at the end of eight months disappeared, after exhibiting the five 
colora one after another. " Suceesiivement!'* is the term employed by 
Ed. Biot in his translation. Such an expression would almost tend to 
suggest a series of colors similar to those in the above-described star 
of 'IVcho Brahe ; but Sir John Herschel more correctly takes it to mean 
a colorad scintillation (Ouilinct, p. 503), and Arago interprets in the samo 
way a nearly similar expression employed by Kepler when speaking 
of the new star (1G04) in Ophiuchus. (Annuaire pour 1842, p. 347.) 

(d) This star was seen from Mui'ch to August, 3G9. 

(e) Between A and ^ Sagittarii. In the Chinese Hccord it is expressly 
observed, ** where the star remained (t. e., without movement) from 
April to July, 386. 

(/) A new star, close to a Aquilie. In the year 389, in the reign of 
the Emperor Honorius, it shone forth with the brilliancy of Venus, ac- 
cording to the statement of Cuspinianus, who had himself seen it. It 
totally disappeared in about three weeks.* 

* Other accounts place the appeanince in the year 388 or 398 
Jacqnofl Cassiiii, ElSmens d^ Attronomie^ 1740 (EloUea Nonvellea), p. .^9. 
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{g) March, 393. This star was also in Scorpio,, in the tail of that 
coustelUtion. From the Records of Ma-tuan-lin. 

(&) The precise year (827) is doabtfal. It may with more certainty 
be assigned to the first half of the ninth centary, when, in Uie reisn of 
Calif Al'Mamun, the two famoos Arabian astronomers, Haly ana Gia- 
far Ben Mohammed Albnmazar, observed at Babylon a new star, whose 
light, according to their report, " ec^ualed that of the moon in her quar- 
ters.'* This natural phenomenon likewise occnrred in Scorpio. The 
star disappeared after a jperiod of four months. 

(t) The appearance of this star (which is said to have shone forth in 
the voar 945, under Otho the Great), like that of 1264, is vouched for 
solely by tlie testimony of the Bohemian astronomer Oyprianns Leovi- 
tius, who asserts that he derived his statements concerning it from a 
manuscript chronicle. He also calls attention to the fact that these two 
phenomena (that in 945 and that in 1264) took place between the con- 
stellations of Cepheus and Cassiopeia, close to the Milky Way, and near 
the spot where Tycho Brahe*s star appeared in 1572. Tvcho Brahe 
{Progfm.f p. 331 and 709) defends tlie credibility of Oypnanus Leovi- 
tins against the attacks of Pontanus and Camerarius, who conjectured 
that the statements arose from a confusion of new stars with long-tailed 
comets. 

(k) According to the statement of Hepidannus, the monk of St. Gall 
(who died A.D. 1088, whose annals extend from the year A.D. 709 to 
1044), a new star of unusual magnitude, and of a briUiancy that dazzled 
the eyo (oculos vorberaus), was, for throe moutlis, from Iho end of May 
in the year 1012, to be seen in the south, in the constellation of Aries. 
In a most singular manner it appeared to vary in size, and occasionally 
it could not be seen at all. *"' Nova stella apparuit insolitie magnitudinis, 
ospectu fulgnrans et oculos verberans non snie terrore. Quie mirum in 
modum aliquando contractior, aliquando difTusior, etiam extinguebatur 
intorduni. Visa est autom per tres menses in intiniis iinibns Austri, ul* 
tra omnia signa qnte videntur in ca*lo." (See Ilepidanni, Annatet hre- 
vet, in Dnchesno, Huiorue Franeorum Seriptorct, t. iii., 1641, p. 477. 
Compare also Schnu*ror, Chronik der Seucken, th. i., s. 201.) To the 
manuscript mado use of by Duchesne ond Goldast, which ossigiis iJio 



phenomonon to the year 1012, modern historical criticism has, howev- 
er, preferred another manuscript, which, as compored with the former, 
exhibits many deviations in the dates, throwing them six years back. 
Thus it places the appearance of tliis star in 1006. (See Annalet San- 
galtentea majoret, in rertz, Monnmenta Oermania hUioriea Seripiorum, 
t, i., 1826, p. 81.) Even the authenticity of the writings of Hepidannus 
has been called into question by modern critics. The singular phenom- 
enon of variability has been termed by Chladni the eonfiagratum and 
extineticn of a fixed star. Hind (Noiieet of the Asiron, Soe., vol. viii., 
1848, p.^ 156) coniectures that this star of Hepidannus is identical with 
a new star, which is recorded in Ma-tuan-lin, as having been seen in 
China, in February, 1011, between a and ^ of Sagittarius. But in that 
case there must be an error in Ma-tuan-lin, not only in the statement of 
the year, but also of the constellation in which the star appeared. 

(n Toward the end of July, 1203, in the tail of Scorpio. According 
to tne Chinese Record, this new star was " of a bluish-white color, 
without luminous vapor, and resembled Saturn." (Edouard Biot, in the 
ConnaUaanee de» 7'empt pour 1846, p. 68.) 

Sifi) Anotlier Cliincso ouservation, from Ma-tuan-lin, whoso astronom- 
reconls, c<»ntaining an accnnitc account of tho positions ^^f cometj 
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and iixod stars, go back to tho yoar 613 B.O., to the timos of Thalei 
and tho oxpodition of Colious of Bamos. This now star appoarod in tho 
middle of Uucomhor, 1230, butwoou Ophinchus and tho Sorpont. It 
dissolvoil towufd tho end of March, 1231. 

> (») Tliu is tho star mentioned by the Bohemian astronomer, Oypri- 
anos Leovitius (and referred to under the ninth star, in the year 945]|. 
About tho same time (July, 1264), a great comet appeared, whose tail 
swept ovor one half of the heavens, and which, therefore, could not be 
misteken for a new star suddenly appearing between Oepheus and Oas> 
siopeia. 

(o) This is Tycho Brahe's star of the 11th of NoTember, 1572, in the 
Chair of Cassiopeia, R. A. 3^ 26' ; Decl. 63^ 3' (for 1800). 

(p) February, 1578. Taken from Ma-tuan-un. The constellation is 
not given, but the intensity and radiation of the light must have been 
extraordinary, since the Cninese Record appends the remark, ** a star 
as large as the sun !*' 

(g) On the 1st of July, 1584, not far from ir of Scorpio ; also a Chinese 
observation. 

(r) According to Bayer, the star 34 of Cygnns. Wilhelm Jansen, the 
oolobrated geographor, who for a time hau ueen the associate of Tycho 
Bruhe in liu observations, was tho first, as an inscription on liis celes- 
tial globe tostifios, to draw attention to tho new star in the breast of tho 
Swuu, near tlio boginuing of tliu nock. Kepler, wlio, after the death 
of Tycho Brulio, was fm* some time provoutod frani corryiuif on any 
observations, both by his travols and wont of instriimouts, did not ob- 
serve it till two years later, and, indeed (what is the more surprising, 
since the star was of the third magnitude), then first heard of its exist* 
ence. He thus writes: ** Cum mense Maio, anni 1602, primum litteris 
monerer do novo Cygni phienomeno.*' (Kepler, De Stella Nova lertU 
honoris in Cygno, 1606, which is appended to tho work De Stella Nova 
in Serpent,, p. 152, 154, 164, and 167.) In Kepler's treatise it is no- 
where said (as we ofton find asserted m modern works) that this star 
of Oygnus upon its first appearance was of the first magnitude. Kep- 
ler even calls it ** parva Cygni stella," and speaks of it throughout as 
one of the third magnitude. He determines its position in R. A. 300^ 
46' ; Decl. 36^ 52' (fierefore for 1800 : R. A. 302^ 36' ; Decl. -f370 27'). 
The star decreased in brilliancy, especially after the year 1619, and van- 
ished in 1621. Dominique Cassini (see Jacc^ues Oassini, EUmens d*Attr., 
p. 69) saw it, in 1655, again attain to the third magnitude, and then dis- 
appear. Hevelius observed it again in November, 1665, at first ex- 
tremely small, then larger, but never attaining to the third magnitude. 
Between 1677 and 1682 it decreased to the sixtli magnitude, and as such 
it has remained in the heavens. Sir John Herschel classes it among the 
variable stars, in which he difibrs from Argelandor. 

(<) After the stiu* of 1572 iu Oassiopeiii, tho most fnmous o£ tho new 
stars is that of 1604 in Oiihiuchus (11. A. 259^ 42' ; and S. Docl. 21^ 15j^ 
for 1800). With each of those stars a ^roat name is associated. The 
star in the right foot of Ophiuchus was originally discovered, on the 10th 
of October, 1604, not by Kepler himself, but by his pupil, the Bohemian 
astronomer, John Bronowski. It was larger than all stars of the first 
order, greater Uian Jupiter and Saturn, but smaller than Venus. Her- 
licias asserts that he had previously seen it on the 27th of September. 
Its brilliancy was loss than tliat of the new star discovered by Tycho 
Brohe. in 1572. Moreover, unUke the latter, it was not discernible in 
dio daytime. But its scintillation was considerably greater, and ospe- 
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eially excite<l Hie ostonifllimont of all who saw it As Bcintillation is 
always accompanied with disporaion of color, much has boon said of 
its colored and continually^changing light. Arago {Annuairepour 1834, 
p. 299-301, and Ann. pour 1842, p. 345-347) has already caUed atten- 
tion to the fact that the star pf Kepler did not by any means, like that 
of Tycho Brahe,' assume, at certain long intervals, different colors, such 
as yellow, red, and then again white. Kepler savs expressly that his 
star, as soon as it rose above the exhalations of the earth, was white. 
When he speaks of the colors of the rainbow, it is to convey a clear 
idea of its colored scintillation. His words are : " Exemplo adamantis 
mnltanguli, qui solis radios inter convertendum ad spectantium oculos 
variabiu fulgore revibraret, colores Iridis (stella nova in Ophiucho) sue* 
sessive vibratu eorUinuo reciprocabat." (De Nova Stella Serpeni,, p. 5 
and 125.) In the beginning of January, 1605, this star was even brighter 
than Antares, but less luminous than Arcturus. By the end of March in 
the same year it was described as being of the third magnitude. Its 
proximity to the sun prevented all observation for four months. Be- 
tween February and March, 1606^ it totally disappeared. The inaccu- 
rate statements as to the great variations in the position of the new star, 
advanced by Scij^io Claramontius and the geographer Blaew, are scarcely 
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which exhibits some points of resemblance, as to time and position, with 
this sudden appearance of a now star in Ophiuchus. On the 30tli of 
September, 1G04, there was seen in China a reddish-yellow (" ball- 
like f ") star, not far from ir of Scornio. It shone in the southwest till 
November of the same year, when it became invisible. It reappeared 
on the 14th of January, 1G05, in the southeast; but its light became 
slightly duller by March, IGOG. {Connaiuanee det Tempt pour 1846, 
p. 59.) The locality, n of tlio Scorpion, might onnily bo confounded 
with the foot of Ophiuchus ; but the oxprossioiis southwest and soutli- 
east, its reappearance, and tlie ciroumstance that its ultimate total dis 
apponrnnco is not mentioned, leavo some doubts as to its identity. 

(/^ This also is n now star of ormsidornblo nmgnitndo, and soon in tho 
southwest It is mentioned in Ma-tuan-lin. No further particulars aro 
recorded. 

(ii) This is the new star discovered by the Carthusian monk Anthel- 
mus on the 20th of June, 1670, in the head of Vulpes (R. A. 294^ 27'; 
Decl. 26^ 47'), and not iar from /9 Cygni. At its first appearance it was 
not of the first, but merely of the third magnitude, and on the 10th of 
August it diminished to the fifth. It disappeared after three months, 
but showed itself again on the 17th of March, 1671, when it was of the 
fourth magnitude. Dominique Cassini observcnl it very closely in April, 
1671, and found its brightness very variable. The new star is reported 
to have regained its original splendor after ten mouths, but in Februa- 
ry, 1672, it was looked for in vain. It did not reappear until the 29lh 
of Mareh in the samo year, and then only as a star of the sixth maffni- 
tudo ; since that time it has never been observed. (Jacques Cassini, 
EUment eCAttr.f p. 69-71.) These phenomona induced Dominique 
Cussini to search fur stars iiover before soon (by him I). IIo main 
tained that ho had discovered fourteen such stars of iJio fourth, fifth, 
and sixth ma^uitudes (eight in Cassiopeia, two ir Kridanus, and four 
near the Nortli I'olo). From the absence of any precise data as to their 
respective positions, and ospocially since, like thoso said to have boon 
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dUcovered by Maraldi between 1694 and 1709, thoir existence is more 
than qnestiouablOf they can not be introduced la our present lisL 
(Jacques Oossini, EUtnens tPAttron,, p. 73-77 ; Delambre, Hisi. dg 
VAUr, Mod., t. ii., p. 780.) 

(v) One hundred and seventy-eight years eUpsed after the appear- 
ance of the new star in Vulpes witoout a similar phenomenon having 
occurred, although in thb long interval the heavens were most care- 
fully explored, and its stars counted, by the aid of a more diligent use 
of telescopes and by comparison with more correct catalogues of the 
stars. On the 28.'h of April, 1848, at Mr. Bishop's priYate observatoiy 
(South Villa, Regent's Park), Hind made the important discovery of a 
new reddish-yellow star of the fifth magnitude in Ophiuchus (R. A. 16^ 
50' 59'' S. Decl. 12^ 39' 16", for 1848). In the case of no other new 
■tar have the novelty of the phenomenon aud the invariability of its [lo- 
sition been demonstrated with greater precision. At the present time 
(1850) it is scarcely of the eleventh magnitude, and, according to Lich 
tenberger's accurate observations, it will most likely soon disappear. 
(Noticet of the A$tr.8oc., yo\. viii., p. 146 and 155-158.) 

The above list of new Btars, which, within the last two 
thouHand years, have suildenly appeared and again disaj)- 
pearod, is probably more complete than any before given, and 
may j ustii'y a few general remarks. We may distinguish three 
classes : new stars which suddenly shine forth, and then, after 
a longer or shorter time, disappear ; stars whose brightness is 
subject to a periodical variability, which has been already 
determined ; and stars, like i] Argus, which suddenly exhib- 
it an unusual increase of brilliancy, the variations of which 
are still undetermined. All these phenomena are, most prob- 
ably, intrinsically related to each other. The new star in 
Cygnus (1600), which, after its total disappearance (at least 
to the naked eye), again appeared and continued as a star of 
the sixth magnitude, leads us to infer the affinity of the two 
first kinds of celestial phenomena. The celebrated star dis- 
covered by Tycho Brahe in Cassiopeia in 1572 was consid- 
ered, even while it was still shining, to be identical with the 
new star of 945 and 1264. The period of 300 years which 
Gpodricke conjectured, has been reduced by Keili and Pigott 
to 150 years. The partial intervals of the actual phenom- 
ena, which perhaps are not very numerically accurate, amount 
to 319 and 308 years. Arago* has ]K)iiited out the great 
improbability that Tycho Brahe's star of 1572 belongs to 
those which are periodically variable. Nothing, as yet, 
seems to justify us in regarding all new stars as variable in 
long periods, which from their very length have remained 
• unknown to us. If, for instance, the self-luminosity of all 
the suns of the finnament is the result of an electro-mag- 

* Arago, Annuaire pour 1842, p. 332. 
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iiotic process in their photospheres, wo may consider tliis 
process of light as variable in man^ ways, without assuming 
any local or temporary condensations' of the celestial ether, 
or any intervention of the so-called cosmical doteds. It may 
either occur only once or recur periodically, and either regu- 
larly or irregularly. The electrical processes of light on our 
earth, which manifest themselves either as thunder-storms 
in the regions of the air, or as polar effluxes, together with 
much apparently irregular variation, exhibit nevertheless a 
certain periodicity dependent both on the seasons of the year 
and the hours of the day ; and this fact is, indeed, frequent- 
ly observed in the formation for several consecutive days, 
during perfectly clear weather, of a small mass of clouds in 
particular regions of the sky, as is proved by the frequent 
failures in attempts to observe the culmination of stars. 

The circumstance that almost all these new stars burst 
forth at once with extreme brilliancy as stars of the first mag- 
nitude, and even with still stronger scintillation, and that 
they do not appear, at least to tho naked eye, to increase 
gradually in brightness, is, in my opinion, a singular pecul- 
iarity, and one well deserving of consideration. Kepler* at- 
tached such weight to this criterion, that he refuted the idle 
pretension of Antonius Laurentinus Politianus to having seen 
the star in Ophiuchus (1604) before Bronowski simply by 
the circumstance that Laurentinus had said, ** Apparuit nova 
Stella parva et postea de die in diem crescendo apparuit lu- 
mine non multo inferior Yenere, superior Jove.** There are 
only throe stars, which mav be' looked upon in tho light of 
exceptions, that did not shme forth at onco as of tho first 
magnitude ; viz., the star which appeared in Oygnus in 
1600, and that in Yulpes in 1670, which were both of the 
third, and Hind's net " tar in Ophiuchus in 1848, which is 
of the fifth magnitude. 

It is much to bo regretted, as we have already observed, 
that after the invention of the telescope in the long period 
of 178 years, only two new stars have been seen, whereas 
these phenomena have sometimes occurred in such rapid suc- 
cession, that at the end of the fourth century four were ob- 
served in twenty-four years ; in the thirteenth century, three 
in sixty-one years ; and during the era of Tycho Brahe and 
Kepler, at the end of tho sixteenth and beginning of the sev- 
enteenth centuries, uo less than six were observed within a 

* Kopler, De BUUa Nova in pede 8erp,, p. 3. 
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period of thirty-seven years. Throughout this examination I 
have kept in view the Chinese observations ofi extraordinary 
stars, most of which, according to the opinion of the most 
eminent astronomers, are deserving of our confidence. Why 
it is that of the new stars seen in Europe, that of Kepler in 
Ophiuchus (1604) is in all probability recorded in the rec- 
ords of Ma-tuan-lm, while that of Tycho in Cassiopeia (1572) 
is not noticed, I, for my part, am as little able to explain as 
I am to account for the fact that no mention was made in 
the sixteenth century, among European astronomers, of the 
great luminous phenomenon which was observed in China 
in February, 1 578. The difibrence of longitude (114^) could 
only, in a few instances, account for their not being visible. 
Whoever has been engaged in such investigations, must be 
well aware that the want of record either of political events 
or natural phenomena, either upon the earth or in the heav- 
ens, is not invariably a proof of their never having taken 
place ; and on comparing togolhor the three diflbrcut cata- 
logues which are given in Ma-tuan-lin, we actually find com- 
ets (those, for instance, of 1385 and 1495) mentioned in one 
but omitted in the others. 

Even the earlier astronomers (Tycho Brahe and Kepler), 
as well as the more modem (Sir John Herschel and Hind), 
have called attention to the fact that the great majority (four 
fifths, I make it) of all the new stars described both in Eu- 
rope and China have appeared in the neighborhood of or 
within the Milky Way. If that which gives so mild and 
nebulous a light to the annular starry strata of the Milky 
Way is, as is more than probable, a mere aggregation of 
small telescopic stars, Tycho Brahe's hypothesis, which we 
have already mentioned, of the formation of new, suddenly- 
shining fixed stars, by the globular condensation of celestial 
vapor, falls at once to the ground. What the influence of 
gravitation may be among the crowded strata and clusters 
of stars, supposing them to revolve round certain central nu- 
clei, is a question not to be hero determined, and belongs to 
the mythical part of Astrognosy. Of the twenty-one new 
stars enumerated in the above list, riYO (those of 134, 303, 
827, 1203, and 1584) appeared in Scorpio, three in Cassi- 
.opeia and Cepheus (045, 1264, 1572), and four in Ophiu- 
chus (123, 1230. 1604, 1848). Once, however (1012), one 
was seen in Aries at a great distance from the Milky Way 
(the star seen by the monk of St. Gall). Kepler himself, 
who, however, considers as a new star that described by Fa 



VANIBIIED STARS. 1G3 

brioius as suddenly shining in the nock of Ootus in tho year 
1596, and as disappearing in October of the same year, like* 
wise advances this position as a proof to the contrary. (Kep^ 
ler, De SteUa Nova Serp., p. 112.) Is it allowable to in- 
fer, from the frequent lighting up of such stars in the same 
constollations, that in certain regions of space — those, name- 
ly, where Cassiopeia and Scorpio are to bo soon — ^the condi- 
tions of their illuminations are favored by certain local re- 
lations ? Do such stars as aro peculiarly fitted for tho ex- 
plosive temporary processes of light especially lie in those 
directions ? 

The stars whose luminosity was of the shortest duration 
were those of 389, 827, and 1012. In the first of the above- 
named years, the luminosity continued only for three weeks ; 
in the second, four months ; in the third, three. On the 
other hand, Tycho Brahe's star in Cassiopeia continued to 
shine for seventeen months ; while Kepler's star in Cygnus 
(1600) was visible fully twenty-one years before it totally 
disappeared. It was again seen in 1655, and still of the 
third magnitude, as at its first appearance, and afterward 
dwindled down to the sixth magnitude, without, however 
(according to Argelander*s observations), being entitled to 
rank among periodicaUy variable stars. 

Stars that have disaffeared. — The observation and 
enumeration of stars that have disappeared is of importance 
for discovering tho groat number of small planots which prob- 
ably belong to our solar system. Notwithstanding, however, 
the great accuracy of tho catalogued positions of telescopic 
fixed stars and of modem star-maps, the certainty of convic- 
tion that a star in tho heavens has actually disappeared since 
a certain epoch can only be arrived at with great caution. 
Errors of actual observation, of reduction, and of the press,^ 

* On instances of stars which have not disappeared, see Argelander, 
in Schumacher's Attronom, Nachr., No. 624, s. 371. To adduce an ex- 
ample from antiquity, I may point to the fact that the carelessness with 
which Aratus compiled his poetical catalogue of the stars hos led to tho 
often-renewed question whether Vega Lyroe is a new star, or one whicJh 
varies in long periods. For instance, Aratus asserts that the constella- 
tion of Ljrra consists wholly of small stars. It is singular that Hippaiv 
chus, in his Oommentary, does not notice this mistake, especially as he 
censures Aratus for his statements as to the relative intensity of ueht in 
the stars of Cassiopeia and Ophic^chus. All this, howover^ is only ac- 
cidental and not demonstrative ; for when Aratus also ascnbes to Cyg- 
nus none but stars " of moderate brilliancy," Hipparchus expresdv re- 
fiitos this error, and adds Uio remark that tho bright star in the Bw&a 
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often disfigure the very best catalogues. The disappoarane^ 
of a heavenly body from the place in which it hod before 
been distinctly seen, may be the result of its own m<Hiou as 
much as of any such diminution of its photometric process 
^whether on its surface or in its photosphere), as would ren- 
der the waves of light too weak to excite our organs of sight. 
What we no longer see is not necessarily annilulated. The 
idea of destruction or combustion, as applied to disappearing 
stars, belongs to the age of Tycho Brahe. Even Pliny, in 
the fine passage where he is speaking of Hipparchus, makes 
i a question : Stellsd an obirent nascorenturve ? The ap- 
parent eternal cosmical alternation of existence and destruc- 
tion is not annihilation ; it is merely the transition of matter 
into new forms, into combinations which are subject to new 
processes. Dark cosmical bodies may by a renewed process 
of light again become luminous. 

Periodioally varuole Stars. — Since all is in motion in 
the vault of heaven, and every thing is variable both in space 
and time, we are led by analogy to infer that as the fixed 
stars universally have not merely an apparent, but also a 
proper motion of their own, so their surfaces or luminous at- 
mospheres are generally subject to tliose changes which re- 
cur, in the great majority, in extremely long, and, therefore, 
unmeasured and probably undeterminable periods, or which, 
in a few, occur without being periodical, as it were, by a 
sudden revolution, either for a shorter or for a longer time. 
The latter class of phenomena (of which a remarkable in- 
stance is furnished in our own days by a large star in Argo) 
will not be here discussed, as our proper subject is those fixed 
stars whose periods have already been investigated and as- 
certained. It is of importance here to make a distinction 
between three great sidereal phenomena, whose connection 
has not as yet been demonstrated ; namely, variable stars of 
known periodicity ; the instantaneous lighting up in the heav- 
ens of so-called 9iew stars ; and sudden changes in the lu- 
minosity of long-known fixed stars, which previously shone 

(Doneb) is littlo inferior La brillianoy to Lyra (Vega Ly^rooV Ftoleiuy 
clasies vega among stars of the first magnitude, and m toe Oataster 
isms of Eratosthenes (cap. 25^, "^^S^ i' called Xevcdv Koi Xaftirp?\v. Con 
sidering the many inaccuracies of a poet, who never himself observed 
the stars, one is not much disposed to give credit to the asseition that it 
was only between the years 272 and 127 B.O., t. e., between the tiroes 
of Aratus and Uipparclius, that tho star Voga Lyrto (Fidicula of Tliny, 
txVu.t 25) bucnmo a star of tho first magnitude. 
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"with uniform inionsiiy. Wo flholl first of all dwell oxcla* 
BiToly on the first kind of variability ; of this, the earliest in- 
stance accurately observed is furnished (1638) by Mira, a 
star in the neck of Cetus. The East-Friesland pastor, David 
Fabricius (the father of the discoverer of the spots on the 
sun), had certainly already observed this star on the 13 th of 
August, 1696, as of the third magnitude, and in October of 
the same year he saw it disappear. But it was not until for- 
ty-two years afterward that the alternating, recurring vari- 
ability of its light, and its periodic changes, were discovered 
by the Professor Johann Phocylides Ilolwarda, Professor of 
Franeker. This discovery was further followed in the same 
century by that of two other variable stars, j3 Persei (1669), 
described by Montanari, and x ^ygi^ (1687), by Kirch. 

The irregularities which have been noticed in the periods, 
together with the additional number of stars of this class 
which have been discovered, have, since the beginning of the 
nineteenth century, awakened the most lively interest in this 
complicated group of phenomena. From the difliculty of the 
subject, and from my own wish to be able to set down in the 
present work the numerical elements of this variability (as 
being the most important result of all observations), so far as 
in the present state of the science they have been ascertain- 
ed, I have availed myself of the friendly aid of that astrono- 
mer who of all our cotemporarics has devoted himself with 
the greatest diligence, and with the most brilliant success, 
to the study of the periodically varying stars. The doubts 
and questions called forth by my own labors I conndently 
laid before nly worthy friend Argelander, the director of the 
Observatory at Bonn, and it is to his manuscript communi 
cations that I am solely indebted for all that follows, which 
for the most part has never before been published. 

The greater number of the variable stars, although not all, 
are of a red or reddish color. Thus, for instance, besides j9 
Persei (Algol in the head of Medusa), j9 Lyrso and e Aurigse 
have also a white light. The star rj AquiloB is rather yellow- 
ish ; so also, in a still less degree, is ^ Geminorum. The old 
assertion that some variable stars (and especially Mira Oeti) 
are redder when their brilliancy is on the wane than on the 
increase, seems to be groundless. Whether, in the double 
star a Herculis (in which, according to Sir John Herschel, 
the greater star is rod, but according to Struve yellow, while 
its companion is said to be dark blue), the small companion, 
estimated at between the fifth to the seventh magnitude, is 
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itself also variable, appears very problematical. Struve* 
himself merely says, Susjncor minorem esse variabileni. 
Variability is by no means a necessary concomitant of red- 
ness. There are many red stars : some of them very red — 
as Arcturus and Aldebaran — ^in which, however, no variabil- 
ity has as yet been discovered. And it is also more than 
doubtful in the cose of a star of Gepheus ^No. 7582 of the 
catalogue of the British Association), whicn, on account of 
its extreme redness, has been called by William Hcrschel 
the Garnet Star (1782). 

It would bo difficult to indicate the number of periodically 
variable stars for the reason that the periods already determ- 
ined are all irregular and uncertain, even if there were no 
other reasons. The two variable stars of *Pegasus, as well 
as a Hydro), e AurigsD, and a Cassiopeia), have not the cer- 
tainty that belongs to Mira Oeti, Algol, and 6 Cephei. In 
inserting them, therefore, in a table, much will depend on 
the degree of certainty we are disposed to be content with. 
Argelandcr, as -will bo seen from the table at the close of 
tliis investigation, reckons the number of satisfactorily de- 
termined periods at only twenty-four.f 

The phenomenon of variability is found not only both in 
red and in some white stars, but also in stars of the most di- 
versified magnitude ; as, for example, in a star of the first 
magnitude, a Ononis ; by Mira Geti, a Hydras, a CassiopeisB, 
and j3 Pegasi, of the second magnitude ; j3 Persei, of the 2 '3d 
magnitude ; and in i] Aquilse, and j3 LyrsB, of the 3*4th mag- 
nitude. There are also variable stars, and, indeed, in far 
greater numbers, of the sixth to the ninth magnitude, such 
as the variabiles Coronso, Yirginis, Gancri, et.Aquarii. The 
star X Oygni hkewise presents very great fluctuations at its 
maximum. 

* Oomparo Mfidlur, Aulr., s. 438, noto 12, with Stmvo, Btdlarum 
eotnpoi, Mcniura Alicram., p. 07 niid 98, star 2140. ** I beliovo," suya 
Argtiluiulur, ** it in oxtrumuly dilllcuU with a telescopo having a grout 
power of illumiuutioii to ostiinato rightly tho brightuoss of two sucli 
uilTcront stars as tho two components of a Horculis. My experience 
18 strongly against tho variability of tho companion ; or, durinf^ my 
many observations in tho daytime with tho telescopes of tho meridian 
circles of Abo, Ilelsiugfors, and Bonn, I have never seen a Herculis 
single, which would assuredly have been the case if the companion at 
its minimum were of the seventh magnitude. I believe the latter to 
be constant, and of the fifth or 5'6th magnitude.*' 

t Madler's Table (A$lron., s. 435) contains eighteen stars, with widely 
differing numerical elements. Sir John Herschel enumerates more lliuii 
forty-five, including those meutiohod in the notes. — Outlinei, ^ 819-826. 
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That the periods of the variable Btars are very irrsgular 
has been long known ; but that this variability, with idl its 
apparent irregularity, is subject to certain definite laws, was 
first established by Argelander. This he hopes to be able 
to demonstrate in a longer and independent treatise of his 
own. In the case otx ^ygni, he considers that two perturb- 
ations in the period- — the one of 100, the other of 8^ — aro 
more probable than a single period of 108. Whether such 
disturbances arise from changes in the process of light wliich 
is going on in the atmosphere of the star itself, or from the 
periodic times of some planet which revolves round the fixed 
star or sun x C/ygni, and by attraction influences the form of 
its photosphere, is still a doubtful question. The greatest 
irregularity in change of intensitv has unquestionably been 
exhibited by the variabilis Scuti (Sobi^ski's shield) ; for this 
star diminishes from the 5'4th down to the ninth magnitude ; 
and, moreover, according to Figott, it once totally disappeared 
at the end of the last century. At other times the fluctua- 
tions in its brightness have been only from the 6* 5th to the 
sixth magnitude. The maximum of the variations of ;^ Cygni 
have been between the 6* 7th and fourth magnitude ; of Mira, 
from the fourth to the 2' 1st magnitude. On the other hand, 
in the duration of its periods d Gephei shows an extraordi- 
nary, and, indeed, of all variable stars, the greatest regularity, 
as is proved by the 87 minima observed between the lOdi 
of October, 1840, and 8th of January, 1848, and even later. 
In the case of e Aurigso, the variation of its brilliancy, dis- 
covered by that indefatigable observer, Ilois, of Aix-la-Oha 
pcUe,^ extends only from the 3*4th to the 4'Cth magnitude. 

A great diflTcrence in the maximum of brightness is exhib- 
ited by Mira Ceti. In the year 1779, for instance (on the 
Gth of November), Mira was only a little dimmer than Alde- 
baran, and, indeed, not unfrequently brighter than stars of 
the second magnitude ; whereas at other times this variable 
star scarcely attained to the intensity of the light of d Ceti, 
which is of the fourth magnitude. Its mean brightness is 
equal to that of y Ceti ^third magnitude). If we designate 
by the brightness of the faintest star visible to the naked 
eye, and that of Aldebaran by 50, then Mira has varied in 
its maximum from 20 to 47. Its probable brightness may be 
expressed by 30 : it is oftener below than above this Umit. 
The measure of its excess, however, when it does occur, is 

* Ai-gelandor, iu Schumacher's Attron, Naekr,, bd. zzvi. (1848), No 
624, 8. 369. 
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in proportion more considerable. No certain period of these 
oscillations has as yet been discovered. There are, however, 
indications of a period of 40 years, and another of 160. 

The penods of va/iation in difierent stars vary as 1:250. 
The shortest period is unquestionably that exhibited by j9 
Fersei, being 68 hours and 49 minutes ; so long, at least, as 
that of the polar star is not established at less than two days. 
Next to P Persei come 6 Oephei (5d. 8h. 49m.), 97 Aqmlee 
(7d. 4h. 14m.), and ( Geminorum ^lOd. 3h. 35m.). The 
longest penods are those of 30 Hyorse Hevelii, 495 days ; 
X ^y&^^t ^06 do^yB I Variabilis Aquarii, 388 days ; Serpentis 
S., 367 days ; and Mira Ceti, 332 days. In several of the 
.variable stars it is well estabhshed that they increase in brill- 
iancy more rapidly than they diminish. This phenomenon 
is the most remarkable in d Gephei. Others, as, for instance, 
P Lyro), have an equal period of augmentation and diminu- 
tion of light. Occasionally, indeed, a diflbronce is observed 
in this respect in the same stars, though at diflbrent epoclis 
hi their process of light. Generally Mira Ceti (as also J Ge- 
phei) is more rapid in its augmentation than in its diminu 
tion ; but in the former the contrary has also been observed 

Periods toithin periods have been distinctly observed in 
the case of Algol, of Mira Geti, of j9 Lyrse, and with great 
probability also in x ^ySP^* ^he decrease of the period of 
Algol is now unquestioned. Goodricke was unable to per- 
ceive it, but Argelander has-since done so ; in the year 1842 
he was enabled to compare more than 100 trustworthy ob- 
servations (comprising 7600 periods), of which the extremes 
differed from each other more than 58 years. (Schimiacher's 
Astron, Nachr,, Nos. 472 and 624.) The decrease in the 
period is becoming more and more observable.* For the 

* ** If," says Argelander, ** I take for the epoch the miuimum bright- 
ness of Algol, in 1800, on the Ist of January, at ISh. lin. mean Paris 
time, I obtain the duration of the periods for, 

—1987, 2d. 2OI1. 48in., or 59s.-416±0s.-31G 

— UOO, " 58s.-737j;0a.-094 

— 825, " 58a.-39.'Jj;0s.-175 

-- 751, " 58d.154i0s.-039 

--2328, " 58s.-193J;0s.090 

--3885, " 57s.-97l±03.045 

45441, *' 55s.l82i0s.*348 

" In this table the numbers have the following signification : if we 
designate the minimum epoch of the 1st of Jan., 1800, by 0, that im- 
mediately preceding by — 1, and that immediately following by -{-1, and 
so on, then the duration between — 1987 aud — 1980 would be exactly 
Sd. 20h. 48m. 59s -416. but 'he duratiou between -{-5441 and -{-^443 
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periods of the maximum of Mira (including the maximum of 
brightness obsenred by Fabricius in 1596), a formula^ has 
been established by Argelander, from which all the maxima 
can be so deduced that the probable error in a long period of 
variability, extending to 33 Id. 8h., docs not in the moan ex- 
ceed 7 days, while, on tho hypothesis of a uniform period, it 
would bo 16 days. 

Tho double maximum and minimum of P Lyno, in each 
t)f its periods of nearly 13 days, was from tho first correctly 
ascertained by its discoverer, Goodricko (1784) ; hut it has 
Leon placed still more beyond doubtt by very recent observ- 
ations. It is remarkable that this star attains to the same 
brightness in both its maxima, but in its principal minimum 
it is about half a magnitude fainter than in the other. Since 
the discovery of tho variability of j3 LyrcB, the period in a 
period has probably been on the increase. At first the vari- 
ability was more rapid, then it became gradually slower ; and 
this decrease in the length of time reached its limit between 
the years 1840 and 1844. During that time its period was 
nearly invariable ; at present it is again decidedly on the de- 
crease. Something similar to the double maximum of j9 Lyras 
occurs in d Gephei. There is a tendency to a second maxi- ^ 

woald be 2d. 20h. 48in. 558.* 182; tbe former applies to the year 1784, 
the latter to the year 1842. 

*<The numbers which follow the signs J; are tho probable errors. 
That the dimination becomes more and more rapid is sliown as well by 
tho Inst numl>er as by all my observations since 1847.*' 

* Argo1nnilor*s formula fur roprosnnting all obsorvntinns of tho maxima 
«if Mira Ooti is, ns oommuuioatod by hlmsolf, as follows t 

1751, Sep., 0-76 -|-331d.*33G3 E. 
4.10d.-5, sin. (Vt ° E. -1-860 33/) 4.i8d.'2, sin. (f fo E. .|-231o 42') 
4-33d.-9, sin. (Jf « E. +170^ 19') -f 65d.-3, sin. (|fo B. -f G^ 37') 

where E. represents the nnmbor of maxima which have occurred since 
Sept. 9, 1751, and the co-oflicionts are given in days. Therefore, for 
the current year (E. being =109), the following is tlie maximum: 

1751, Sep., 9-76+3nil5d.-C5+8d.-44— 12d.-24. 
+18d.-59+27d. '34=1850, Sep., 8d.-54. 

" The strongest evidence in favor of this formula is, that it represents 
even the maximum of 1596 {Coitnost vol. ii., p. 330), which, on the 
supposition of a uniform period, would deviate more than 100 days. 
However, the laws of the variation of the light of this stor appear so 
complicated, that in particular eatet — e. g., for the accurately observe 
maximum of 1840 — tho formula was wrong by many days (nearly twou- 
ly.fivo).»* 

t Compare Argelander's essay, written on tlie occasion of the cen- 
tenary jubilee of the KSnigsberg University, and entitled De Sielia 
e Lyra Variahili, 1844. 
Vol,. 111.— H 
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mum, in bo far as its diminution of light docs not proceed 
uniformly; but, after having boon for some timo tolerably 
rapid, it comes to a stand, or at least exhibits a very incon- 
siderable diminution, which suddenly becomes rapid again. 
In some stars it would almost appear as though the Ught 
were prevented from fully attaining a second maximum. In 
X Cygni it is very probable that two periods of variability 
prevail — a longer one of 100 years, and a shorter one of 8^. 

The question whether, on the whole, there is greater reg- 
ularity in variable stars of very short than in those of very 
long periods, is difficult to aiiswer. The variations irom a 
uniform period can only be taken relatively ; i. e,, in parts 
of the period itself To commence with long periods, ;H[;Oygni, 
Mira Ceti, and 30 Hydras must first of all be considered. In 
X Cygni, on the supposition of a uniform variability, the devi- 
ations from a period of 40G'0G34 days (which is the most 
probable period) amount to 39-4 days. Even though a por- 
tion of these deviations may be owing to errors of observa- 
tion, still at least 29 or 30 days remain beyond doubt ; i. c, 
one fourteenth of the whole period. In the case of Mira 
Oeti,^ in a period of 331*340 days, the deviations amount to 
55' 5 days, even if we do not reckon the observations of David 
Fabricius. If, allowing for errors of observation, we limit 
the estimate to 40 days, we still obtain one eighth ; conse- 
quently, as compared with % Cygni, nearly twice as great a 
deviation. In the case of 30 llydro), which has a period of 
495 days, it is still greater, probably one fifth. It is only 
during the last few years (since 1840, and still later) that the 
variable stars with very short periods have been observed 
steadily and with sufficient accuracy, so that the problem in 
question, when applied to them, is still more difficult of solu- 
tion. From the observations, however, which have as yet 
been taken, less considerable deviations seem to occur. In 
the case of i] Aquilo) (with a period of 7d. 4h.) they only 
amount to one sixteenth or one seventeenth of the whole pe- 
riod; in that of (3 Lyru) (period 12d. 21h.) to one twenty- 
seventh or one thirtieth ; but the inquiry is still exposed to 
much uncertainty as regards the comparison of long and short 
periods. Of (i Lyra> between 1700 and 1800 periods have 
been observed; of Mira Ceti, 279 ; of ;^ Cygni, only 145. 

The question that has been mooted, whether stars which • 

* Tlio work of JucqiioB Cossiui (Elimem cC Atlronomie, 1740, p. 66- 
69) buiuiigd t(> iho oarliout syHtomatic uUom|>t8 to iuvostiguto tb') mean 
dui-atiou of Ihe period of tbo varialion of Mira Ceti. 
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havo loDg appeared to bo variablo in regular periods over 
cease to bo so, must apparently be answered in the nega- 
tive. As among the constantly variable stars there are 
some which at one time exhibit a very great, and at anoth- 
er a very small degree of variability (as, for instance, vari- 
abilis Scuti), so, it seems, there are also others whose vari- 
ability is at certain times so very slight, that, with our lim- 
ited means, we are unablo to detect it. To such belongs 
variabilis Corona) bor. (No. 523G in the Catalogue of the 
British Association), recognized as variable by Pigott, who 
observed it for a considerable time. In the winter of 1795-6 
this star became totally invisible ; subsequently it again 
appeared, and the variations of its light were observed by 
Koch. In 1 8 1 7 , Harding and Wcstphal found that its bright- 
ness was nearly constant, while in 1824 Olbers was again 
enabled to perceive a variation in its luminosity. Its con- 
stancy now again returned, and from August, 1843, to Sep- 
tember, 1845, was established by Argolandcr. At tho end 
of Soptcmbor, a fresh dimiimtion of its light commenced. 
By October, the star was no longer visible in the comet-seek- 
er ; but it appeared again in February, 184G, and by the be- 
ginning of June had reached its usual magnitude (the sixth). 
Since then it has maintained this magnitude, if we overlook 
some small fluctuations whose very existence has not been 
established with certainty. To this enigmatical class of stars 
belong also variabilis Aquarii, and probably Janson and Kep- 
ler's star in Cygnus of 1600, which wo have already men* 
tioned among the now stars. 
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Tabli op TBI Vabubli Staks, by F. Akgblandbk. 



Now 



ertlwflur. 



I.«n(tbof 
Pcriud. 



Maximam. Mbinom. 



Mmb* of DiMOffirar nJ 
Dato of DiMOTorjr. 



1 

2 

8 

4 

6 

6 

7 

8 

9 
10 
11 
12 
13 
U 
16 
10 
17 
18 
19 
20 

21|C 
22 19 

23 

24 



oCeli 

/SPersei 

X Cygni 

30 llydrao Hov. . 
Leoni8R.,420M. 

n Aquilae 

/3 Lyrae 

Cephei 

a Horctilis 

Coronas U 

ScutiR 

Virginia R 

Aquarii R 

Serpentis R 

Serpentis S 

Cancri R 

a Cassiopeiae . . . 
a Orionis 

Plydrae 

e Aurigae 

GemTnoram... 

Pegasi 

Pegasi R 

Cancri S 



D. u. M. 

331 20 — 
2 20 49 
406 130 

495 

312 18 — 
7 4 14 

12 2145 
5 8 49 

60 8 — 
323 

71 17- 
146 21 — . 
388 13- 
359—- 
307 6 — 
380 — - 

79 3 — 
196 — - 

65 

1 

10 3 35 

40 23 — 
360 



Magnit 
4 to 21 
23 
6 7 to 4 

6 to 4 
6 

84 
3-4 
43 
3 
6 
6 6 to 5 4 

7 to 6-7 
0to67 

67 

8 to 7 8 
7 
2 
1 
2 

34 

43 

2 

8 

78 



Magnit 

4 



54 
45 
54 
34 


9 to 6 





32 
1-2 
23 
46 
6-4 
23 





Holwarda, 1639. 

Montanari, 1669. 

Gottfr. Kirch, 1687. 

Maraldi, 1704. 

Koch, 1782. 

E. Pigott, 1784. 

Goodricke, 1784. 

Ditto, 1784. 
Win. Ilerschel 1705. 

E. Pigott, 1795. 

Ditto, 1796. 

Harding, 1809. 

Ditto, 1810. 

Ditto, 1826. 

Ditto, 1828. 

Scliwerd, 1820. 

Dirt, 1831. 
John Herschel, 1836. 

Ditto, 1837. 

Heis, 1846. 

Schmidt, 1847. 

Ditto, 1848. 

Hind, 1848. 

Ditto, 1848. 



EXPLANATORY REMARKS. 

The in the column of the minima indicates that the star is then 
fainter than the tenth magnitude. For the purpose of clearly and con- 
veniently designating the smaller variable stars, v^hich for the most part 
have neither names nor other designations, I have allov^ed myself to ap- 
pohd to them capitals, since the letters of the Greek and the smaller 
Latin alphabet have, for the most part, been already employed by 
Bayer. 

Uosides tho stars adduced in tho preceding table, there are almost as 
many more which are supjwsod to bo variable, since their magnitudes 
are sot down ditFurontly by dilTorcnt obsorvurs. But ns those ostiinatos 
wore inoroly occnsioiiul, and have not boon conducted with much pre- 
cision, and us dilForoiit uslrouoinera huvu ditFuront principles in estima- 
ting magnitudes, it seems tho safer course not to notice any such cases 
nutil the same observer shall have found a decided variation in them at 
different times. With all those adduced in the table, this is the case ; 
and the fact of their periodical change of light is quite established, even 
where the period itself has not been ascertained. The periods given in 
the table are founded, for the most part, on my own examination of all 
the earlier observations that have been published, and on my own ob- 
servations within the last ten years, which have not as yet been pub 
lished. Bxceptions will be mentioned in the following notices ot the 
■everal stars. 

In these notices the positions are those for 1850, and are expressed in 
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right ascension and declination. Tlie freqaently-ropoated term gradth 
turn indicates a difference of brightness, which mav t>e distinctly recog- 
nized even bj the naked eye, br, in the case of those stars which are 
invisible to the unaided sight, by a Fraaenhofer*s comet-seeker of twen- 
tv-five and a half inches (Seal length. For the brighter stars above the 
sixth magnitude, a gradation inoicates about the tenth part of the dif- 
ference by which the successive orders of maenitnde differ from one an- 
other; for the smaller stars the usual claflsincations of magnitude are 
considerably closer. 

(1) Ceti, R. A. 32^ 57', Decl. — 3^ 40' ; also called Mira, on account 
of the wonderful cliango of light which was first observed in this star. 
As early as the latter half of tho seventeenth century, the periodicity of 
this star was recognized, and Bouillnud fixed the duration of its period 
at 333 days ; it was found, howevor, at the same time, that this dura- 
tion was sometimes longor and sometimoA shorter, and that the star, at 
its greatest brilliancy, appeared sometimes brighter and sometimes faint- 
er. This has been subsequently fully confirmed. Whether the star ever 
becomes perfectly invisible is as yet undecided ; at one time, at the 
epoch of its minimum, it has been observed of tho olovonth or twelfth 
nugnitude ; at another, it could not be seen even with the aid of a three 
or a four-feet telescope. This much is certain, that for a long period it 
is fainter than stars of the tenth magnitude. But few observations of 
tho star at this stage have as yot been tnkon, most having commenced 
when it had begun to be visible to the naked eye as a star of tho sixth 
magnitude. From this period the star increases in brightness at first 
with great rapidity, afterward more slowly, and at last with a scarcely 
perceptible augmentation ; then, again, it diminishes at first slowly, aft- 
erward rapidly. On a mean, the period of augmentation of light from 
the sixth magnitude extends to fifty days ; that of its decrease down to 
the same degree of brightness takes sixty-nine days ; so that the star is 
visible to the naked eye for about four montlis. However, this is only 
the mean duration of its visibility; occasionally it has lasted as long as 
five months, whereas at other times it has not boon visible for more tiiuu 
three. In tho same way, also, tho duration both of the augmentation 
and of the diminution of its light is subject to groat fluctuations, and the 
former is at all times slower than the latter ; as, for instance, in the year 
1840, when the star took sixty-two days to arrive at its matest bnght- 
ness, and then in forty-nine days became visible to the naked eye. The 
shortest period of increase that has as yet boon observed took place in 
1G79, and lasted only thirty days; the longest (of sixty-seven days) oc- 
curred in 1709. The docroaso of li^ht lasted tho longest in 1839, being 
then ninety-ono days ; tho shortest m tho yonr IGGO, when it was com- 
pleted in nearly fifty-two days. Occasionally, the star, at the period of 
its greatest brightness, exhibits for a whole month together scarcely any 
perceptible variation ; at others, a difference may bo observed within n 
very fow days. On somo occasions, aftor tlio star had docroasod in bright- 
ness for several weeks, there was a period of perfect cessation, or, at 
least, a scarcely perceptible diminution of light during several days ; this 
was the case in 1678 and in 1847. 

The maximum brightness, as already remarked, is by no means al- 
ways the same. If we indicate the brightness of tho faintest star that 
is visible to the naked eye by 0, and that of Aldebaran (a Tauri^, a star 
of the first magnitude, by fifty, then the maximum of light of Mm fluc- 
tuates between 20 and 47, t. e., between the brightness of a star of tho 
fourth, and of the first or second magnitude : tho mean brightness is S8 



174 COHMOS. 

or that of the star y Oeti. But the duration of its periods is still more 
irregular: its moan is 33 Id. 20h., while its fluctuations have extended 
to a mouth ; fur the shortost time tliut Over elapsed from one maximum 
to the uuxt wtts only 30G days, Uio lougost, on tho uUier hand, 3G7 days. 
These irregularities oecomo tho more remarkable when we compare the 
several occurrences of greatest brightness with those which would take 

Iilace if we wore to catculato those maxima on the hypothesis of a uui* 
urm period. The difibrence between calculation and observation then 
amoants to 50 days, and it appears that, for several years in succession, 
*hose differences are nearly the same, and in the same direction. This 
evidently indicates that the disturbance in the phenomena of light is one 
of a very long period. More accurate calculations, however, have prov- 
ed that the supposition of one disturbance is not sufficient, and that sev- 
eral must be assumed, which may, however, all arise from the same 
cause; one of these recurs after 11 single periods; a second after 88; 
a third after 17G ; and a fourth after 2G4. From hence arises the form- 
ula of sines (given at p. 1G9, note *), with which, indeed, the several 
maxima very nearly accord, although deviations still exist which can 
not be explained by errors of observation. 

(2) ft roraol, Algol ; 11. A. 44° 30', Oocl. 4-40o 22'. Although Qemi- 
niano Monlniiuri miscrvod tliu variability of this stur in 1GG7, and Mu- 
raldi likowiso noticed it, it was Goodricko that iirat, in 1782, discovorod 
tlio regularity of tliu vuriubility. The cause of this is probably that this 
star does not, like most other variable ones, gi*ttduallv increase and di- 
minish in brightness, but for 2d. 13h. shines uniformly as a stur of the 
2*3d magnituao, and only appears less bright for sovon or eight hours, 
when it sinks to the fourth magnitude. The augmentation and dimi- 
nution of its brightness are not quite regular; but when near to the 
minimum, they proceed with greater rapidity; whence the time of 
least brightness may be accuratelv calculated to within ten to fifteen 
minutes. . It is moreover remarkable that this star, after having increased 
in light for about an hour, remains for nearly the same period at the 
same brightness, and then begins once, more perceptibly to increase 
Till very recently the duration of the period was held to bo perfectly 
uniform, and Wurm was able to present all observations pretty closely 
by assuming it to be 2d. 21h. 48m. 58is. However, a more accurate cal- 
culation, in which was comprehended a space of time nearly' twice as 
long as that at Wurm*s commaad» has shown that the period becomes 
gradually shorter. In the year 1784 it was 2d. 20h. 48m. 59*4s., and in 
the year 1842 only 2d. 20h. 48m. 55'2s. Moreover, from the most re- 
cent observations, it becomes very probable that this diminution of the 
period is at present proceeding more rapidly than before, so tliat for this 
star also a formula of sines fur the disturbance of its period will in time 
bo obtained. Desidcs, this diminution will be accountod for if we as- 
sume that Algol cumus nuai*er to us by about 2000 niilus every year, or 
recedes from us thus liir loss ouch succeuding your; fur in that ciiso his 
light would roach us as much sooner every your us the decrease of the 
period requires; t. «., about the twelve thousandth of a second. If tliis 
DO the true cuuse, a formula of sines must ovcutualiy bo deduced. 

(3) X Cygni, R. A. 206° 12', Decl. +32° 32'. This star also exhibits 
nearly the same irregularities as Mira. The deviations of the observed 
maxima from those calculated for a uniform period amount to forty days, 
but are considerably diminished by the introduction of a disturbance 
of 8^ single periods, and of anotlier of 100 such periods. In its maxi- 
mum this star reaches the mean brightness of a fuuit fifth magnitude, or 
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one gradni/on brighter tlinn tho star 17 Cvffni. Tlio flactiintions, how 
ever, arc in this caao also very conflidonuno, and have been observed 
from tliirtoon gradations below the mean to ton above it. At this low- 
est maximum the star would be perfectly invisible to the naked eye, 
whereas, on the contrary, in the year 1847| it could be seen without 
the aid of a telescope for fully ninoty-sovcu days ; its mean visibility 
extends to fifty-two days, of which, on the mean, it is twenty days on 
the increase, and thirty-two on tho decrease. 

(4) 30 Ilydr© Hevelii, R. A. 200O 23', Dccl. — 22^ 30'. Of this star, 
which, from its position in the heavens, is only visible for a short time 
during every year, all that can be said is, that both its period and its 
maximum brightness aro subject to very great irrogtdaritios. 

(5) Lconis tt. =420 Mayeri; R. A. 144^ 52', Dccl. 4-12« 7'. This 
star IS often confounded with 18 and 19 Loonis, which are close to it^ 
and, in consequence, has been very little observed ; sufficiently, how- 
ever, to show that the period is somewhat iiregular. Its brightness at 
the maximum seems also to fluctuate through some gradations. 

(6) V Aquilaj, called also rj Antinoi ; R. A. 2960 12', Decl. +0° 37'. 
The period of this star is tolerably uniform, 7d. 4h. 13m. 53s. ; observa- 
tions, however, prove that at long intervals of time trifling fluctuations 
occur in it, not amounting to more than 20 seconds. The variation of 
light proceeds so reeulariy, that up to tho present time no deviations 
have been discovered which could not bo accounted for by errors of ob- 
servation. In its minimum, this star is one gradation fainter than t 
Aquilie; at first it increases slowly, then more rapidly, and afterward 
again more slowly ; and in 2d. 9h. from its minimum, attains to its great- 
est brightness, in vsrhich it is nearly three gradations brighter than (3, 
but two fainter than 6 Aquilro. From the maximum its brightness does 
not diminish quite so regularly; for when the star has reached the bright* 
ness of /9 (t. e., in Id. lOh. alter tho maximum), it changes more slowly 
than either before or nflorwanl. 

(7^ p Lyraj, R. A. 281° 8', l)ccl. 4-330 11'; n star remarkable from 
the fact of its having two maxima and two minima. When it has been 
at its faintest light, one third of a gradation fainter than C Lyrn), it rises 
in 3d. 5h. to its first maximum, in which it remains threo fonrths of n 
gradation fainter than y Lyric. It then sinks in 3d. 3h. to its second 
minimum, in which its light is about five ^dations greater than that of 
C> After 3d. 2h. more, it again reaches, in its second maximum, to tho 
brightness of the first ; and afterward, in 3d. 12h., declines onco moro 
to its greatest fuintncfls; so that in 12d. 21h. 46m. 40s. it runs throuch 
oil its variations of light. This duration of the period, however, only 
applies to the years 1840 to 1844; previously it had been shorter — in 
the year 1784, by about 2ih; in 1817 and 1818, by more than an hour; 
and at present, a shortening of it is again clearly perceptible. There 
is, therefore, no doubt that m the case of this star the disturbance of its 
period may be expressed by a formula of sines. 

(8) 6 Cephoi, R. A. 335° 54', Decl. +57° 39'. Of nil the known va- 
riable stars, this exhibits in everjr respect the greatest repilarity. The 
period of 5d. 8h. 47m. 39is. is given by all the observations from 1784 
to the present day, allowing for errors of observation, which will a&> 
count for all the slight differences exhibited in the course of the altem 
fttions of light. This star is in its minimum three quarters of a gradation 
brighter than e; in its maximum it resembles t of the same constellation 
(Oepheus). It takes Id. 15h. to pass from the former to the latter ; but, 
OP the oUier i^^^nd. more than double that time, viz., 3d. 18h., to change 
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again to iu minimum during eight houra of the latter period, howeTer 
it icarcoly cluingea at all, and vory inconi iderably for a whole day. 

(0) a lloroulitf, U. A. 25(iO 57', Dool. -f H<> 34'; an oxtromuljr rod 
doable atur, the variation of whose light ia iu every rospect very irreg- 
ular. Frequently, its light icarcely changes for months together; at 
other times, in the maximum, it is nearly five gradations brighter than 
in the minimum ; cousoquently, the penod also is still very uncertain. 
The discoverer of tlio star's variation had assumed it to be sixty*three 
days. I at first set it down at ninety-five, until a careful reduction of all 
my observations, -made during seven years, at length gave me the peri* 
od assigned in the text. Heis believes that he can represent all the ob- 
servations by assuming a period of 184*9 days, with two maxima and 
two minima. 

(10) Corons R., R. A. 235^ 36', Decl. -f-SS^ 37'. This star is varia- 
ble only at times * the period set down has been calculated by Koch 
from his own observations, which unfortunately have been lost. 

(11) Scuti R., R. A. 2790 52', Decl. — 5^ 51'. The variations of bright- 
ness of this star are at times confined within a very^ few gradations, 
whereas at others it diminishes from the fifth to the ninth magnitude. It 
has been too littlo observed to dotermino when any fixed rule prevails 
in these deviations. The duration of tho period is also subject to con- 
siderable fluctuations. 

(12) Virginis U., R. A. 187<3 43', Decl. 4-7^ 49'. It maintains iU pe- 
riod and its maximum brightness with tolerable regularity ; some devi- 
ations, howovor, do occur, which ap|[M)ar to mo too considomble to be 
ascribed merely to orrors of observation. 

;i3) Aquarii R., R. A. 354° 11', Decl. —16° 6'. 

14) Serpentis R., R. A. 235° 57', Decl. +159 36'. 

15) Serpentis S., R. A. 228° 40', Decl. +140 52'. 
:iC) Oaucri R., R. A. 122^ 0', Decl. 4-12° 9'. 
Of Uieso four stars, which have been but very slightly observed, little 

more can bo siiid than what is givon in tlie table. 

(17) a OassiopoiiD, R. A. 8^ 0% Docl. 4-55^ 43'. This star is yer]r diffi- 
cult to observe. The difibronce between its maximum and minimum 
only amounts to a few gradations, and is, moreover, os variable as the 
duration of the period. This ciroumstance explains the varying state- 
ments on this head. That which I have givon, which satisfactorily rep- 
resents the observations from 1782 to 1849, appears to me the most proo- 
able one. 

n8) a Orionis. R. A. 86^ 46', Decl. -4-7^ 22'. The variation in the 
light of this star likewise amounts to only four gradations from the min« 
imum to tho maximum. For 91| days it increases in brightness, while 
its diminution extends over 104^, and is imperceptible from the twen- 
tieth to the seventieth day after the maximum. Occasionally its varia 
bility is scarcely noticeable. It is a very red star. 

(19) a Hydra), R. A. 140^ 3', Decl. —8° 1'. Of all the variable stars, 
this is the most difiicult to observe, and its period is still altogether un- 
certain. Sir John Herscbel sets it down at firom twenty-nine to thirty 
days. 

r20) e AurigoB, R. A. 72^^ 48', Decl. 4-43<' 36'. The alternation of 
light in this star is either extremely irregular, or else, in a period of sev- 
eral years, there are several maxima and mini ma-»a question which con 
not be decided for many years. 

f21) C Oeminorum, R. A. 103O 48', Decl. +200 47/. This star has 
hitnerto exhibited a perfectly regular course in tho variations of its light 
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Ita brightness &t ita minimam keepi tho mean between y and v of the 
same constellation ; in the maximum it doea not quite reach that of JL 
It takes 4d. 21h. to attain its foil brightness, and 5a. 6h. for ita diminn- 
tion. 

(22) P Pegasi, R. A. 3440 7\ DecL ^270 16'. Its jwriod is pretty 
well ascertained, but as to the course of ita variation of hght notliing can 

as vet Dfi nm mpfftfl 

(23) Pegasi B./r. A. 3440 47', Decl. +90 43'. 

(24) Oancri 8., R. A. 128^ 50', Decl. +190 34/. 
Of these two stars nothing at present can be said. 

Fr. ARaXLANDIB. 
Bonn, Aftguttf IBSO. 

Yariation of Light in Stars whose Periodioitt is 
Unascertained. — ^In the scientific investigation. of important 
natural phenomena, either in the terrestrial or in the sidereal 
sphere of the Cosmos, it is imprudent to connect together, 
without due consideration, subjects which, as regards their 
proximate causes, are still involved in obscurity. On this 
account we are careful to distinguish stars which have ap- 
pe«.rcd and again totally disappeared (as in tho star in Oas- 
sicpeia, 1572) ; stars which have newly appeared and not 
again disappeared (as that in Cygnus, 1600) ; variable stars 
with ascertained periods (Mira (3eti, Algol) ; and stars whoso 
intensity of light varies, of whose variation, however, the pe- 
riodicity is as yet unascertained (as ij Argus). It is by no 
means improbable, but still docs not ncccssanly follow, that 
these four kinds of phenomena* have perfectly similar causes 
in the photospheres of those remote suns, or in the nature of 
their surfaces. 

As we commenced our account of now stars with the most 
remarkable of this class* of celestial phenomena — ^the jiudden 
appearance of Tycho Brahe*s star — so, influenced by similai 
considerations, we shaU begin our statements, concerning the 
variable stars whose periods have not yet been ascertained, 
with the imperiodical fluctuations in the light of ij Argus, 
which to the present day are still observable. This star is 
situated in the great and magnificent constellation of the 

* Newton (Phiht. Nat. Prineipia Mathem.f od. Le Senr et Jacqaier, 
1760, torn, iii., p. C71) distingiiislios only two kinds of these sidereal 
phenomena. " StelloD fizic quio per vices apparent et evanescunt, qu»« 
que paulatim croscunt, yidentur royolvendo partem Incidam et partem 
obscnrnm per vices ostondore.*' Tho fixed stam, which alternately ap« 
pear and vanish, and which (^miluallv incronso, appear by turns to show 
an illuminated and a dark side. This explanation of the variation of 
light had been still earlier advanced by Riccioli. With resnoct to the 
caution necessary in predicating poritxiicity, see the valuable romarki 
of Sir J<»hn Ilemchcl, in his Olfaerf>ftfum» at /Ac Captf $ SGI. 

K2 
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Ship, *' the glory of the southern skies." Halley, as long 
ago 08 1677, OIL liis rclurii from liis voyage to Si, Jlolona, 
expressed strong doubts concerning the alternation of light 
in the stars of Argo, especially on the shield of the prow and 
on the deck (damdioKi] and KardoTpcjfiay whose relative or- 
ders of magnitude liad been given by Ptolemy.* However, 
in consequence of the little reliance that can be placed on 
the positions of the stars as set down by the ancients, of the 
various readings in the several MSS. of the Almagest, and 
of the vague estimates of intensity of light, these doubts failed 
to lead to any result. According to Ilalley's observation in 
1677, Tj Argus was of the fourth magnitude ; and by 1751 
it was already of the second, as observed by Laoaille. The 
star must have afterward returned to its fainter light, for 
Burchell, during his residence in Southern Africa, from 1811 
to 1815, found it of tlie fourth magnitude ; from 1622 to 1826 
it was of Ihe second, as seen by Fallows and Brisbane ; in 
February, 1 827, Burchell, who happened at that time to bo 
at San Taolo, in Brazil, found it of the ilrst magnilude, per- 
fectly equal to a Crucis. After a year the star returned to 
the second magnitude. It was of this magnitude when Bur- 
chell saw it on the 29th of February, 1828, in the Brazilian 
town of Goyaz ; and it is thus set down by Johnson and Tay- 
lor, in their catalogues for the period between 181}9 and 1833. 
Sir Jolm llerschel also, at the Ca])e of Good Hope, estimated 
it as being between the second and first magnitude, from 
1834 to 1837. 

When, on the 16th of December, 1837, this famous astron- 
omer 'was preparing to take the photometric measurements 
of the innumerable telescopic stars, between the eleventh 
and sixteenth magnitudes, which compose the splendid neb- 
ula around rj Argus, he was astonished to fmd this star, which 
had so often before been observed, increase to such intensity 
of light that it almost equaled the brightness of a Centauri, 
and exceeded that of all other stars of the first magnitude, 
except Canopus and Sirius. By the 2d of January, 1838, it 
had for that time reached the maximum of its brightness. 
It soon became fainter than Arcturus ; but in the middle of 
April, 1838, it still surpassed Aldebaran. Up to March, 
1843, it continued to diminish, but was even then a star of 
the first magnitude ; after that time, and especially in April, 
1843, it began to increase so much in li^ht, that, according 

* Dolumbre, Ilitt. de VAtlron. Ancienne, torn, ii., p. 280, aud Hist, da 
VAitron. an ISHme Siicle, p. 112). 
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lo the obscrvationB of Mackay at Calcutta, and Maclcar at 
the Gape, ij Argus became more brilliant than Oanopus, and 
almost equal to Sirius.* This intensity of light was contin- 
ued almost up to the beginning of the present year (1850). 
A distinguished observer, Lieutenant Gilliss, who commands 
the astronomical expedition sent by the government of the 
United StOitcs to the coast of Chili, writes from Santiago, 
in February, 1860 : " tj Argils, with its ycUowish-rcd light, 
which is darker than that of Mars, is at present next in brill- 
iancy to Canopus, and is brighter than the united light of 
a Centauri."t Since the appearance of the new stars in 
Ophiuchus in 1004, no fixed star has attained to such an in- 
tensity of light, and for so long a period — now nearly seven 
years. In the 173 years (from 1077 to 1850) during which 
we have reports of the magnitude of this beautiful star in 
Argo, it has undergone from eight to nine oscillations in the 
augmentation and diminution of its light. As an incitement 
to astronomers to continue their observations on the phenom- 
enon of a groat but unporiodical variability in ij Argils, it was 
fortimate that its appearance was coincident with the famous 
five years* expedition of Sir John Herschel to the Cape. 

In the case of several other stars, both isolated and double, 
observed by Struve {Stdlarum compos. Mensurce Microm., 
p. Ixxi.-lxxiii.), similar variations of light have been no- 
ticed, which have not as yet been ascertained to bo period- 
ical. The instances which wo sliall content ourselves with 
adducing are founded on actual photomctrical estimatio7ts 
and calculations made by the same astronomer at different 
times, and not on the alphabetical series of Bayer*B TJranom- 
etry. In his treatise De fide Uranometiicd BayeriaiKSt 
1842 (p. 15), Argolander has satisfactorily shown that Bayer 
did not by any means follow the plan of designating the 
brightest stars by the first letters of the alphabet ; but that, 
on the contrary, he arranged the letters by which ho desig- 
nated stars of equal magnitude according to the positions of 

* Oomparo Sir .Tolin IIorRchol*s Ohservaliom at the Cape, $ 71-78; 
and Outlines of Astro^,, $ 830 (Cosmos, vol. i., p. l.'>3). 

t Letter of Lieutenant Gilliss, astronomer of tlie Observatory at Wash^ 
ington, to Dr. FlOgol, consul of the United States of Nortli America at 
liOipsic (in manuscript). The cloudless purity and tmnsparency of the 
atmosphere, which fast for eight montlis, at Santiago, in Cliili, are sc 
great, that Lieutenant Gilliss (with the Jirst great teleseepe ever eon- 
itructed in America, having a diameter oi seven inches, constructed by 
Henry Fitz, of New York, and William Young, of Philadelphia) was 
bio clearly Uj recognize the sixth star in the tnipozium of Orion. 
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the Blars in a constellation, beginning usually at the head« 
and proceeding, in regular order, down to the feet. The or- 
der of letters in Bayer's Uranometria has long led to a be- 
lief that a change of light has taken place in a Aquilso, in 
Castor Geminorum, and in Alphard of Hydra. 

Struve, in 1838, and Sir John Hersohel, observed GapcUa 
increase in light. The latter now finds Gapella much bright- 
er than Vega, though he had always before considered it 
fainter.* Galle and Heis come to the same conclusion, from 
their present comparison of Gapella and Vega. The latter 
finds Vega between five and six gradations, consequently 
more than half a magnitude, the fainter of the two. 
^ . The variations in the light of some stars in the constella- 
tions of the Greater and of the Lesser Bear are deserving of 
especial notice. ** The star 17 Urso) majoris," says Sir John 
liorschol, '' is at present certainly the most brilliant of the 
seven bright still's in the Grout Bour, although, in 1837, e 
uuqucstioiiubly hold the iirst plucu among them." This re- 
mark induced me to consult Heis, who so zealously and care- 
fully occupies himself with the variability of stellar light. 
" The following," he writes, " is the order of magnitude which 
results from my observations, carried on at Aix4a-Ghapelle 
between 1842 and 1850 : 1. £ Urso) majoris, or Alioth; 2. 
a, or Dubhe ; 3. 97, or Benetnasch ; 4. d, or Mizar ; 5. j9 ; 6. 
y ; 7. d. The three stars, e, a, and ?;, of this group, are near- 
ly equal in brightness, so that the slightest want of clearness 
in the atmosphere might render their order doubtful ; ^ is de- 
cidedly fainter than the three before mentioned. The two 
stars /3 and y (both of which are decidedly duller than i) are 
nearly equal to each other ; lastly, d, which in ancient maps is 
usually set dovm as of the same magnitude with j3 and y, is 
by more than a magnitude fainter than these ; e is decided- 
ly variable. Although in general this star is brighter, I have 
uovortlielcss, in three years, observed it on five occasions to 
be undoubtedly fainter than a. 1 also consider /3 Ursu) ma- 
joris to be variable, though 1 am unable to give any fixed 
periods. In the years 1840 and 1841, Sir John Herschel 
found j3 Urso) minoris much brighter than the Polar star ; 
whereas still earlier, in May, 1846, the contrary Avas ob* 

* Sir John Herschel (Observations at the Cavef p. 334, 350, qote X, and 
440). For older observations of Capella ana Vega, see William Hep* 
•chel, in the Philos, Transact,, 1797, p. 307, 1799, p. 1<{1 ; and Dode's 
Jakrbuchf&r 1810, s. 148. Argelander, on the other hand, advance* 
many doubtn aa to the variutiou of C»peU<» ond of the ttsrs of the Beiir, 
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tervcd by him. Ho also conjectures j9 to be variable.* Since 
1843, I have, as a rule, found Polaris fainter than j9 Ursa 
minoris ; but from October, 1843, to July, 1849, Polaris was. 
according to my registers, fourteen times brighter than j3. I 
have had frequent opportunities of convincing myself that the 
color of the last-named star is not always equallv red ; it is 
at times moro or less yellow, at others most decidedly red."t 
All tho pains and labor spout in dotormining tho relative 
brightness of tho stars will never attain any certain result 
until the arrangement of their magnitudes from mere esti- 
mation shall have given place to methods of measurement 
founded on the progress of modern optical science.} ' The 
possibility of attaining such an object need not be despaired ' 
of by astronomers and physicists. 

The probably great physical similarity in the process' of 
light in all self-luminous stars (in the central body of our own 
planetary system, and in the distant suns or fixed stars) has 
long and justly directed attention to the importance} and 
significance which attach to the periodical or non-periodical 
variation in the light of the stars m reference to climatology 
generally ; to the history of the atmosphere, or the varying 
temperature which our planet has derived in the course of 
thousands of years from the radiation of the sun ; with the 
condition of organic life, and its forms of development in dif- 
ferent degrees of latitude. The variable star in tho neck of 
the Whale (Mira Ceti) changes from tho second magnitude 
to tho eleventh, and sometimes vanishes altogether ; wo have 
seen that ij Argus has increased from tho fourth to the first 
magnitude, and among the stars of this class has attained to 
the brilliancy of Canopus, and almost to that of Sirius. Sup- 
posing that our own sun has passed through only a very few 
of these variations in iutonsity of light and heat, cither in an 
increasing or decreasing ratio (and why should it difler from 
other suns ?), such a change, such a weakening or augment- 

* Obaervalionsai the Cape^ $ 259, note 2G0. 

t Heis, in his Manuscript Notiee» of May ^ 1850 ; also Observaiioni at 
the Cape, p. 325; and P. von Doguslawski, Uranui for 1818, p. 186. 
The asserted variation of tf, a, and 6 Ursra mqjoris is also confirmed in 
Outlines, p. 559. See Madler, Astr., p. 432. On the succession of the 
stars 'whicli, from their proximi^, will in time mark the north pole, 
until, after the lapse of 12,000 years, Vego, the brightest of all possible 
polar stars, will take their place. | Vide supra, p. 96 

$ William Herschel, On the Changes that happen to the Fixed Stars, 
in the Philos, Transact, for 1796, p. 186. Sir John Herschel, in the 
Observations eU the Cape, p. 350-352 ; as also in Mrs. Somerville*s nx* 
oallent work, Connection of the Physical Sciences, 1846, p. 407. 
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ation of its light-process, may account for far greater and 
more fearful results for our own planet than any required for 
the explanation of all gcognostic relations and ancient telluric 
revolutions. William Herschel and Laplace were the first 
to agitate these views. If I have dwelt upon them some- 
what at length, it is not because I would seek exclusively in 
these the solution of the great problem of the changes of 
temperature in our earth. The primitive high temperature 
of this planet at its formation, and the solidification of con- 
glomerating matter ; the radiation of heat from the deeper 
strata of the earth through open fissures and through unfilled 
veins ; the greater power of electric currents ; a very dilTer- 
ent distribution of sea and land, may also, in the earliest 
epochs of the earth's existence, have rendered the diffusion 
of heat independent of latitude ; that is to say, of position 
relatively to a central body. Oosmioal considerations must 
not be limited merely to astrognostie relations. 



9. 

PROPER MOTION OF THE FIXED STARS. — PROBLEMATICAL EXIST- 
ENCE OF DARK COSMICAL BODIES.— PARALLAX.— MEASURED DIS- 
TANCES OF SOME OF THE FIXED STARS.— DOUBTS AS TO THE AS- 
SUMPTION OF A CENTRAL BODY FOR TUE WHOLE SIDEREAL HEAV- 
ENS. 

The heaven of the fixed stars, in contradiction to its very 
name, exhibits not only changes in the intensity of light, but 
also further variation from the perpetual motion of the indi- 
vidual stars. Allusion has already been made to the fact 
that, without disturbing the equilibrium of the star-systems, 
no fixed point is to be found in the whole heavens, and that 
of all the bright stars observed by the earliest of the Greek 
astronomers, not one has kept its place unchanged. In the 
case of Arcturus, of/i Cassiopoiu), and of a double star in Cyg- 
nus, this change of position has, by the accumulation of their 
innual proper motion during 2000 years, amounted respect- 
ively to 2]^, 3 J, and G moon's diameters. In the course of 
3000 years about twenty fixed stars will have changed tlieir 
pla jes by 1° and upward.* Since the proper motions of tlie 
fixed stars rise from ■^^\\l of a second to 7*7 seconds (and 

* Enckc, Betraehtungen ft5er ^ Anordnung de$ Slcm-tyttemt, b. 12. 
VitU $iipra, p. 27. Mndlor. Asir,, ■. 445. 
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consequently difTer, at the least, in the ratio of 1 : 154), the 
relative distances also of the fixed stars from each other, and 
the configuration of the constellations themselves, can not in 
long periods remain the same. The Southern Cross will not 
always shine in the heavens exactly in its present form, for 
tlie four stars of which it consists ritovo witli unequal veloc- 
ity in diflbrent patlis. How many thousand years will elapso 
hoforo its total dissolution can not be calculated. In the re- 
lations of space and the duration of time, no absolute idea 
can be attached to the terms great and smalL 

In order to comprehend under one general point of view 
the changes that take place in the heavens, and all the mod- 
ifications which in the course of centuries occur in the phys^ 
iognomic character of the vault of heaven, or in the aspect 
of the firmament from any particular spot, we must reckon 
as the active causes of this change: (1), the precession of 
the equinoxes and the mutation of the earth's axis, by the 
combined operation of which new stars appear above the 
horizon, and others become invisible ; (2), the periodical and 
non-periodical variations in the brightness of many of the 
fixed stars ; (3), the sudden appearance of new stars, of 
which a few have continued to shine in the heavens ; (4), 
the revolution of telescopic double stars round a common 
center of gravity. Among these so-called fixed stars, which 
change slowly and unequally both in the intensity of their 
light and in their position, twenty principal planets move in 
a more rapid course, five of thoin being accompanied by 
twenty satellites. ]3c8idcs the innumerable, but undoubt- 
edly rotatory fixed stars, forty moving planetary bodies have 
up to this time (October, 1850) been discovered. In the 
time of Copernicus and of Tycho Brahe, the great improver 
of the science of observation, only seven were known. Near- 
ly two hundred comets, five of which have short periods of 
revolution and are interior, or, in other words, are inclosed 
within those of the principal planets, still remain to be men- 
tioned in our list of planetary bodies. Next to the actual 
planets and the new cosmical bodies which shine forth sud- 
denly OS stars of the first magnitude, the comets, when, dur- 
ing their usually brief appearance they are visible to the na 
kcd eye, contribute the most vivid animation to the rich j^io 
ture — I had almost said the impressive latidscape — of the 
starry heavens. 

The knowledge of the proper motion of the fixed stars is 
closely connected historically with the progress of the sci- 
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ence of observation through the improvement of instruments 
and methods. The discovery of this motion was first ren- 
dered practicable when the telescope was combined with 
graduated instruments; when, from the accuracy of within 
a minute of an arc ^which after much pains Tycho Brahe 
first succeeded in giving to his observations on the island of 
Hven), astronomers gradually advanced to tho accuracy of 
a second and the parts of a second ; and when it became 
possible to compare with one another results separated by a 
long scries of years. Such a comparison was made by Hal- 
loy with respect to the positions of Sirius, Arcturus, and Al- 
debaran, as determined by Ptolemy in his Hipparchian cat- 
alogue, 1844 years before. By this comparison he consid- 
ered himself justified (1717) in announcing the fact of a 
proper motion in the three above-named fixed stars.* The 
nigh and well-merited attention which, long subsequent even 
to the observations of Flamstead and Bradley, was paid to 
tho table of right ascensions contained in the Triduum of 
Romor, stimulated Tobias Mayer (1756), Maskclyne (1770), 
and Piazzi (1800) to compare Romeros observations with 
more recent ones.f The proper motion of the stars was in 
some degree recognized as a general fact, even in the mid • 
die of the last century ; but for the more precise and numer- 
ical determination oi this class of phenomena we are in- 
debted to the great work of William Horschel in 1783, found- 
ed on the observations of Flamstead,) and still more to Bes- 
sel and Argelander's successful comparison of Bradley's " Po- 
sitions of the Stars for 1755" with recent catalogues. 

The discovery of the proper motion of the fixed stars has 
proved of so much the greater importance to physical astron- 
omy, as it has led to a knowledge of the motion of our own 
solar system through the star-filled realms of space, and, in- 
deed, to an accurate knowledge of tho direction of this mo- 
tion. Wo sliuuld never have become acquainted with this 
fact if the proper progressive motion of the fixed stars were 
so small as to ehulu all our measurements. Tho zealous at- 
tempts to investigate this motion, both in its quantity and 
its direction, to determine the parallax of the fixed stars, and 

• Halley, ia the Pkiloa. Tramaet. for 1717-1719, vol. xxx, p. 736. 
The essay, however, referred solely to variations in latitude. ^ Jacques 
Oassini was the first to add variations in longitude. (Arago, in the An' 
mtaire vour 1842, p. 387.) 

t Delambre, Hist, de VAttron, Modeme, t. ii., p. 658. Also in Hint, 
de VAttron, au l^me SUcle, p. 448. 

X Philo8» Tramaet., vol. Ixxiii., p. 138. 
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their distances, have, by loading to the improvement and 
perfection of arc-graduation and optical instruments in con- 
nection with micrometric appliances, contributed more than 
any thing else to raise the science of observation to the 
height which, by the ingenious employment of great merid- 
ian-circles, refractors, and heliometers, it has attained, espe- 
cially since the year 1830. 

Th3 quantity of the measured proper motions of the stars 
varies, as we intimated at the commencement of the present 
section, from the twentieth part of a second almost to eight 
seconds. The more luminous stars have in general a slower 
motion than stars from the fifth to the sixth and seventh mag- 
nitudes.* Seven stars have revealed an unusually great 
motion, namely : Arcturus, first magnitude (2"* 25) ; a Cen- 
tauri, first magnitude (3"*58) ;t fi GassiopeisB, sixth magni- 
tude (3"*74) ; the double star, 6 Eridani, 5*4 magnitude 
(4"-08) ; the double star 61 Cygni, 56 magnitude (5"-123), 
discovered by Besscl in 1812, by means of a comparison with 
Bradley's observations ; a star in the confines of the Gancs 
Vcnatici,) and the Great Bear, No. 1830 of tho catalogue of 
the circumpolar stars- by Groombridge, seventh magnitude 
(according to Argelander, 6"'974) ; c Indi (7"'74, according 
to D'Arrest) ;i 2151 Puppis, sixth magnitude (7"-871). The 
arithmeticalll mean of the several proper motions of the fixed 
stars in all the zones into which the sidereal sphere has been 
divided by Mddler would scarcely exceed 0"*102. 

An important inquiry into the '* Variability of the proper 
motions of Procyon and Sirius,'' in the year 1844, a short 

* Bessel, in the Jahrbnch von Sehumaeher fbr 1839, ■. 38. Arago 
Annuaire pour 1842, p. 389. 

t a Gontaari, bco Hondorson and Maclear, in the iltemoin of the 
Atiron, 8oc»f vol. xi., p. Gl ; ond Piozzi Smyth, in the Editiurgk 
Tran$aet,f vol. xvi., p. 447. Tho proper motion of Arcturus, 2"'25 
(Daily, in tho same Memoirs, vol. v., p. 1C5), conniclorcd as thnt of a 
very bright stnr, mny l>o called very largo in comparison with Aldeha 
ran, 0"*185 (Mfidler, CeiUraUonne, s. 11), ond a Lyrto, 0'''400. Among 
the Stan of the first magnitude, a Oentauri, with its great proper motion 
of 3"*58, firms a very remarkable exception. The propor motion of 
tho binary system of Oygnus amounts, according to Bessel (Scham 
Atlr, Naehr,, bd. xvi., s. 93), to 5"*123. 

t Schumacher's Aiir, Naehr,, No. 455. 

§ Op, eit; No. 618, s. 27G. D'Arest founds this resnlt on comparisoni 
of Lacaille (1750) with Brisbane (1825), and of Brisbane with Taylor 
(1835). The star 2151, Puppis, has a propor motion of 7"'871, and is 
of the sixth magnitude. (Maclear, in Madler*s Untert, ^Uw die Fix^ 
alem'Syiteme^ th. ii., s. 5.) 

I Schum., Attr Naehr,, No. 661, s. 201 
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lime, thereforo, bcforo tho beginning of his last and painful 
illness, led Bessel, the greatest astronomer of our time, to the 
conviction ** that stars whoso variable motion becomes appar- 
ent by means of the most perfect instruments, are parts of 
systems confined to very limited spaces in proportion to their 
great distances from one another." This belief in the exist- 
ence of double stars, one of which is devoid of light, was so 
£rmly fixed in BesseVs mind, as my long correspondence with 
him testifies, that it excited the most universal attention, 
partly on his- account, and partly from tho great interest 
wliich independently attaches itself to every enlargement of 
our knowledge of tho physical constitution of tho sidereal 
heavens. *^ The attracting body,'' this celebrated observer 
remarked, " must be very near either to the Axed star which 
reveals the observed change of position, or to the sun. As, 
however, tho presence of no attracting body of considerable 
mass at a very small distance from tho sun has yet been per- 
ceived in tho motions of our own planetary system, wo aro 
brought back to the supjioBition of its very snuUl disUince 
from a star, as the only tenable explanation of that change 
m the proper motion which, in the course of a century, be- 
comes appreciable."* In a letter (dated July, 1844) in an- 
swer to one in which I had jocularly expressed my anxiety 
regarding the spectral world of dark stars, he writes : ** At 
all events, I continue in the belief that Procyon and Sirius 
are true double stars, consisting of a visible and an invisible 
star. No reason exists for considering luminosity an essen- 
tial property of these bodies. The fact that numberless stars 
are visible is evidently no proof against the existence of an 
equally incalculable number of invisible ones. The physical 
difficulty of a change in the proper motion is satisfactorily 
set aside by the hypothesis of dark stars. No blamo attaches 
to tho simple supposition that tho change of velocity only 
takes place iu couBoquence of tho action of a force, and that 
forces act in obedience to the Newtonian laws.'* 

A year after Bessors death. Fuss, at Struve's suggestion, 
renewed the investigation of the anomalies of Procyon and 
Sirius, partly with new observations with ErtePs meridian- 
telescope at Pulkowa, and partly with reductions of, and com- 
parisons with, earlier observations. The result, in the opin- 
ion of Struve and Fuss,t proved adverse to BesseFs assertion. 

* Schuin., Aatr^ Naehr., Nos. 514-516. 

t Struve, Etudea d^Astr, SUllairef Texte, p. 47, Notes, p. 26, and Si- 
ft? ; Sir John He:Bchel, Oull., $ 850 and 8G0. 
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A laborious investigation which Peters has now completed 
at K.onigsberg, on the other hand, justifies it ; as does also a 
similar one advanced by Schubert, the calculator for the 
North American Nautical Almanac. 

The belief in the existence of non-luminous stars was dif- 
fused even among the ancient Greeks, and especially in the 
earliest ages of Christianity. It was assumed that among 
the fiery stars which are nourished by the celestial vapors, 
there revolve certain other earth-like bodies, which, however, 
remain invisible to us."*' The total extinction of new stars, 
especially of tlioso so carefully observed by Tycho Braho and 
Kepler in Cassiopeia and Ophiuchus, appears to corroborate 
this opinion. Since it was at the time conjectured that the 
first of these stars had already twice appeared, and that, too, 
at intervals of nearly 300 years, the idea of annihilation 
and total extinction naturally gained little or no credit. The 
immortal author of the Micanique Cileste bases his convic- 
tion of the existence of non-luminous masses in the universe 
on these same phenomena of 1672 and 1G04 : ** These stars, 
that have become invisible after having surpassed the brill- 
iancy of Jupiter, have not changed their place during the 
time of their being visible.'' (The luminous process in them 
has simply ceased.) ** There exist, therefore, in celestial 
space dark bodies of equal magnitudes, and probably in as 
great numbers as tlio stars."! So also Mddler, in his Uh' 
tersuchungen ubcr die Fizstern-Systemc, says :$ " A dark 
body might bo a central body ; it might, like our own sun, 
bo surrounded in its immediate neighborhood only by dark 
bodies like our planets. The motions of Sirius and I'rocyon, 
pointed out by Bessel, force us to the assumption that there 
are cases where luminous bodies form the satellites of dark 
masses."^ It has been already remarked that the advocates 
of tlio emanation theory consider these masses as both invis- 
ible, and also as radiating light : invisible, since they are of 
such huge dimensions that the iiiyB of liglit crnitled by them 
(the molecules of light), being impeded by tlie force of at- 
traction, are unable to pass beyond a certain limit. || If, as 

• Origen, in Oronov. Thcsaur., t. x., p. 271. 

t Laplace, Expos, du 8ytt. du Monde, 1824, p. 395. Lnmbert, in his 
KoBmologiiche Brief e, shows romorkable tendency to adopt the hypoth* 
csis of Ifirgo dark bodies. 

t Mndlor, Untcnuck. i^ber die Fixiteni-SyilemCf th. ii. (1848), I. 3} 
end his Atlrofwmy, s. 41 G. $ Vide note t, p. 18G 

41 Vide iuprOf p. 88, and note ; Laplace, in Zach's AUg, Oeogr. 
Ephetn.f bd. iv., s. 1 ; Madler, Attr.f s. 393. 
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may well be asBumed, there exist, in the regions of space, 
dark invisible bodies in which the process of light-producing 
vibration does not take place, these dark bodies can not faU 
within the sphere of our own planetary and cometary system, 
or, at all events, their mass can only be very small, since 
their existence is not revealed to us by any appreciable dis- 
turbances. 

The inquiry into the quality and direction of ^^ motion oj 
the Jixed stars (both of the true motion proper to them, and 
also of their apparent motion, produced by the change in 
the place of observation, as the earth moves in its orbit), the 
determi'nation of the distances of the fixed stars from the 
sun by ascertaining their parallax^ and the conjecture as to 
the part in universal space toward which our planetary 
system is moving, are three problems in astronomy which, 
through the means of observation already successfully em- 
ployed in tlioir partial solution, are closely connected with 
each other. I'Wory improvement in the instruments and 
methods which have been used for the furtherance of any 
one of those diflicult and complicated problems has been 
beneficial to the others. I prefer commencing with the par- 
allaxes and the determination of the distances of certain fixed 
stars, to complete that which especially relates to our pres 
ent knowledge of isolated fixed stars. 

As early as the beginning of the seventeenth century, 
Galileo had suggested the idea of measuring the '* certainly 
very unequal distances of the fixed stars from the solar sys- 
tem," and, indeed, with great ingenuity, was the first to 
point out the means of discovering the parallax ; not by de- 
termining the star's distance from the zenith or the pole, **but 
by the careful comparison of one star with another very near 
it." He gives, in very general terms, an account of the mi- 
crometrical method which William Herschel (1781), Struve, 
and Besscl subsequently made use of. " Porche io non credo," 
says Galileo,* in his third dialogue (Giomata terza), " che 
tutto lo stolid siano sparse in una sferica superficie egual- 
mente distanti da un centra; ma stimo, che le lore lonta- 
nanze da noi siano talmente varie, che alcune ve ne possano 
esser 2 e 3 volte piu remote di alcune altre ; talche quando 
si trovasse col telescopic qtudcJie picciolissima Stella vici" 

* Opere di Galileo Galilei, vol. xii., Mflano, 1811, p. 206. This re> 
markoulo passage, which expresses the possibility and the project of 
a moasuremeut, was pointed out by Arago ; see his Annuaire pour 1843 
p. 382. 
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nibsima ad alcuna ddle maggiori, o cho poro quella fusso al- 
tissima, potrcbbe accaderc die qtealche scnsiSil mutazione 
succedesse tra di loroV " Wherefore I do not believe," says 
Galileo, in his third discourse (Giomata terza), '* that all the 
stars are scattered over a spherical superficies at equal dis' 
tancesfrom a common center; but I am of opinion that their 
distances from us are so various that some of them may be 
two or three times as remote as others, so that when some 
minute star is discovered by tho tclcscopo close to ono of the 
larger, and yet the former is highest, it may be that some 
sensible change might take place among them." The in- 
troduction of the Copernican system imposed, as it were, the 
necessity of numerically determining, by means of measure- 
ment, the change of direction occasioned in the position of 
the fixed stars by the earth's semi-annual change of place in 
its course round the sun. Tycho Brahe's angular determina- 
tions, of which Kepler so successfully availed himself, do not 
manifest any perceptible change arising from parallax in 
tho apparent positions of tho fixed stars, altliougli, as I have 
already stated, they are accurate to a minute of tho arc. 
For this the Copemicans long consoled themselves with the 
reflection that the diameter of the earth's orbit (165)- mill- 
ions of geographical miles) was insigniRcant when compared 
to the immense distance of the fixed stars. 

Tho hope of being ablo to dotcrmino tlio oxintonco of par 
allax must accordingly have been regarded as dopondont on 
the perfection of optical and measuring instruments, and on 
the possibility of accurately measuring very small angles. 
As long as such accuracy was only secure within a minute, 
the non-observance of parallax merely testified to the fact 
that the distance of the fixed stars must be more than 3438 
times tho earth's moan distance from tho sun, or semi-di- 
ameter of its orbit.* This lower limit of distances rose to 
206,265 semi-diameters when certainty to a second was at- 
tained in the observations of the great astronomer, James 
Bradley ; and in the brilliant period of Frauenhofer's instru- 
ments (by the direct measurement of about tho tenth part 
of a second of arc), it rose still higher, to 2,062,648 mean 
distances of the earth. The labors and the ingeniously con- 
trived zenith apparatus of Newton's great cotemporary, Rob- 
ert Hooke (1669), did not lead to the desired end. Pioard, 
Horrobow (who worked out Eomcr's rescued observations). 

* Bessel, in Schnmacher's Jahrb.fUr 1839, s. 511. 
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and Flamstoad boliovcd that thoy had discovered parallaxes 
of Bovoral Bocouds, whereas thoy had confounded the proper 
motions of tlio stars with the true changes from parallax. 
On the other hand, the ingenious John Michell {Phil, Trans, 
1767, vol. Ivii., p. 23d— 2Gd) was of opinion that the paral- 
laxes of the nearest fixed stars must Lo loss than 0'''02, and 
in tiiut case could only *' become perceptible when magnified 
12,000 times.'' In consequence of the widely-diffused opin- 
\or\ that the superior brilliancy of a star must invariably in- 
dicate a greater proximity, stars of the first magnitude, as, 
for instance, Vega, Aldebaran, Sirius, and Frocyon, were, 
with Httle success, selected for observation by Calandrelli 
and the meritorious Piozzi (1805). These observations must 
be classed with those which Brinkley published in Dublin 
(1815), and which, ten years afterward, were refuted by 
Pond, and especially by Airy. An accurate and satisfactory 
knowledge of parallaxes, founded on micromctrio measure- 
ments, dates only from bclwcon the years 1832 and 1838 

Allhough Pclors,^ in his valuable work on the distanccp 
of the fixed stars (1640), estimates the number of parallaxes 
liitherto discovered at 33, we shall content ourselves with re 
ferring to 9, which deserve greater, although very different, 
degrees of confidence, and which we shall consider in the 
probable order of their determinations. 

The first ])lace is due to the star Gl Cygni, which Bcssel 
has rendered so celebrated. The astronomer of Konigsberg 
determined, in 1812, the large proper motion of this double 
star (below the sixth magnitude), but it was not until 1838 
that, by means of the heliometer, he discovered its parallax. 
Between the months of August, 1812, and November, 1813, 
my friends Arago and Mathieu instituted a series of numer- 
ous observations for the purpose of finding the parallax of 
the star 61 Cygni, by measuring its distance from the zenith. 
In the course of their labors they arrived at the very correct 
conclusion that the parallax of this star was less than half a 
second. t So late as 1815 and 1816, Bcssel, to use his own 

• Struve,\4«/r. Sldl., p. 104. 

t Amgo, iu the Connaissance des Temps pour 1834, p. 281 : ** Nous 
observAmes avec beaucoup de soin, M. Mathieu et moi, pendaut le 
mois d'AoAt, 1812, et pendant le mois de Novembre suivant, la hauteur 
angulaire de I'^toile audessus de Phorizon de Tans. Cette hauteur, k 
la seconde ^poque, ne surpasse la hauteur angulaire k la premidre que 
do 0"'(i6. Une parallaxe ubauluo d'une seulc socondo aurait n^cossairo- 
ineiit uuicn6 uiilru cos doux Imutuura uiio diiltSrunco do l''*2. Notf oh- 
Borvatiuna u'iiidiquoat done pus quo lo rayun do Purbito torrubto, que 
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words, " had amvcd at no available rostdt."* Tho obsorva- 
tions taken from August, 1837, to October, 1838, by moans 
of the great heliometer erected in 1829, first led him to the 
parallax of 0'';3483, which corresponds with a distance of 
592,200 mean distances of the earth, and a period of 9} 
years for tho transmission of its light. Peters confirmed this 
result in 1842 by finding 0'''3490, but subsequently changed 
Bessel's result into 0'''3744 by a correction for temperature.j 
The parallax of the finest double star of tho southern hem- 
isphere (a Centauri) has been calculated at 0'''9128 by tho 
observations of Henderson, at the Cape of Good Hope, in 

39 mUUoBS de lieues soient yob de la 61* du Cygne soas un angle do 
plas d'tme demi-seconde. Mais une base vae perpendiculairement sou- 
tend un angle d'ane demi-seconde qoand on est ^loign^ de 412 mille 
fois sa longueur. Done la 61* du Cygne est au moins k une distance 
de la terre 6gale ^412 mille fois 39 millions de lieues." " During the 
month of August, 1812, and also during the following November, Mr. 
Mathieu and myself very carefully observed tho altitude of tho star 
almvo tho horizon, at Paris. At the latter period its altitude only ox- 
cooded that of tho formor hy 0"'6G, An absolute parallax of onlv a 
single second would necessarily have occasioned a diflbronco of l''*2 
between those hoichts. Our observations do not, therefore, show that 
a somi-diamotor of tlie earth's orbit, or thirty •nine millions of leagues, 
are seen from the star 61 of Cygnus, at an angle of more than 0"*^, 
But a base viewed perpendicularly subtemls an angle of 0"'$ onl^ when 
it is observed at a distance of 412,000 times its length. ' Therelore tho 
star 61 Oygni is situated at a distance from our earth at least equal to four 
hundred and twelve thousand times thirty-nino millious of leagues." 

* Bossol, in Schum., Jakrh. 1839, s. 39-49, and in the Aitr. Nachr,, 
No. 366, gave the result 0''*3136 as n first approximation. His later and 
final result was 0"'3483. (Astr. Nachr., No. 402, in bd. xvii., s. 274.) 
Peters obtained by his own observations tho following, almost identical, 
result of 0"-3490. (Struvo, Astr. Stell., p. 99.) The alteration which, 
after BessePs death, was made by Peters in BessePs calculations of the 
angular measurements, obtained by the KSui^sberg heliometer, arises 
from the circumstance that Bessel expressed his intention {Astr. Nachr,, 
bd. xvii., s. 2G7) of investigating further the influence of temperature 
on the results exhibited by the heliometer. This purpose he. had, in 
fact, partially fulflUed in the first volume of his Astronomische Uniersuch' 
ungeUf but he had not applied the corrections of temperature to the ob> 
servations of parallax. This application was made by the eminent as- 
tronomer Peters (Erganzungsckefl zn den Astr, Nachr., 1849, s. 56), 
and the result obtained, owing to the corrections of temperature, was 
0"-3744 mstead of 0"-3483. 

t This result of 0"*3744 gives, according to Argclander, as tho dis- 
tance of the double star 61 Uygni from the sun, 550,900 mean distances 
of the earth from the sun, or 45,576,000 miles, a distanQo which light 
travorscs in 3177 moan dnys. To judge from the three conseoutivo 
slatoinonts of norallax givon by Ihwid, 0"-3l36, 0"-a483, and 0"-3744, 
this cclebratca doable star has apparently come gradually nearer to us 
ui li^ht passages amounting respectively to 10, 9j-, and 8pf yeara 
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1832, and by thoie of Maclear in 1839.* According to this 
statement, it is the nearest of all the fixed stars that have 
yet been measured, being three times nearer than 61 Gygni. 

The parallax of a LyrsB has long been the object of 
Struve's observations. The earlier observations (1836) 
gavct between 0"07 and 0"18 ; later ones gave 0"'2613, 
and ft distance of 771,400 mean distances of the earth, with 
a penod of twelve years for the transmission of its light.t 
But I'eters found the distance of this brilliant star to be 
much greater, since he gives only O'^'IOS as the parallax. 
This result contrasts with another star of the first magni- 
tude (a Centauri), and one of the sixth (61 Oygni). 

The parallax of the Polar Star has been fixed by Peters 
at 0'''106, after many comparisons of observations made be- 
tween the years 1818 and 1838 ; and this is the more sat- 
isfactory, as the same comparisons give the aberration at 
20"-4()5.J 

The parallax of Arcturus, according to Peters, is 0"'127. 
Ilunikcr's earlier observations with tlie Hamburg meridian 
circle had made it considerably larger. The parallax of an- 
other star of the first magnitude, Oapella, is stiU less, being, 
according to Peters, 0"'046. 

The star No. 1830 in Groombridge's Catalogue, which, 
according to Argelander, showed the largest proper motion 
of all the stars that hitherto have been observed in the firm- 
ament, has a parallax of 0'''226, according to 48 zenith 
distances which were taken with much accuracy by Peters 
during the years 1842 and 1843. Faye had believed it to 
be five times greater, 1'''08, and therefore greater than the 
parallax of a Centauri. || 

* Sir John Herschel, Outlineit p. 545 and 551. Madler (Astr., s. 425) 
gives in the case of a Centauri the parallax 0"-9213 instead of 0"-9128. 

t Struve Stell, compos. Mens. Microtn., p. clxix.-clxxii. Airy makes 
the pnrullux of a Lyrtu, which Potors hud previously reduced to 0"*1, 
still lower; indeed, too sinuU to be moasuruhle by our present instru- 
ments. (Mem. of the Royal Astr. 8oc., vol. x., p. 270.) 

\ Struve, On the Micrametrical Admeasurements by the Oreat Re/raei' 
or at Dorpat (Oct., 1839), in Schum., Aslr. Nachr., No. 396, s. 178. 

f Peters, in Struve, Astr. Stell., p. 100. H Id., p. 101. 
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It does not in general follow from the results hitherto ob- 
tained that the brightest stars are likewise the nearest to us. 
Although the parallax of a Gentauri is the greatest of all at 
present known, on the other hand, Vega Lyroe, Arcturus, and 
especially Oapella, have parallaxes from three to eight times 
less than a star of the sixth magnitudo in Oygnus. More- 
over, the two stars which after 2151 Puppis and e Indi show 
the most rapid proper motion, viz., the star just mentioned 
in the Swan (with an annual motion of 5''* 123), and No. 
1830 of Groombridgo, which in France is called Argelander's 
star (with &.n annual motion of 6"* 974), are three and four 
times more distant from the sun than a Centauri, which has 
a proper motion of 3"*58. Their volume, mass, intensity of 
light,* proper motion, and distance from our solar system, 
stand in various complicated relations to each othor. Al- 
though, therefore, generally speaking, it may be probable that 
the brightest stars are nearest to us, still there may be cer- 
tain special very remote stars, whose photospheres and sui^ 
faces, from the nature of their physical constitution, maintain 
a very intense luminous prbcess. Stars which from their 
brilliancy wo reckon to bo of tho first magnitude, may bo 
further distant from us than others of tho fourth, or even of 
the sixth magnitude. When we pass by degrees from the 
consideration of tho great starry stratum of which our solar 
system is a part, to the particular subordinate systems of our 
planetary world, or to the still lower systems of Jupiter's and 
Saturn's moons, we perceive central bodies surrounded by 
masses in which the successive order of magnitudo and of in- 
tensity of the reflected light does not seem to depend on dis- 
tance. The immediate connection subsisting between our 
still imperfect knowledge of parallaxes, and our knowledge o? 

* On the proportion of the unmount of proper motion to the proximity 
of the brighter stors^ see Stravf^ 8tell» eompoi, Mensura Mierom,, p. 
clzi9. 

Vol. Ill -I 
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the whole structural configuration of the universe, lends a pe- 
culiar charm to those investigations which relate to the dis- 
tances of the fixed stars. 

Human ingenuity has invented for this class of investiga- 
tions methods totally different from the usual ones, and which, 
being based on the velocity of light, deserve a brief mention 
in this place. Savary, whose early death proved such a loss 
to the physical sciences, had pointed out how the aberration 
of light in double stars might be used for determining the 
parallaxes. If, for instance, the plane of the orbit which the 
secondary star describes aroimd the central body is not at 
right angles to the line of vision from the earth to the double 
star, but coincides nearly with this line of vision itself, then 
the secondary star in its orbit will likewise appear to describe 
nearly a straight line, and the points in that portion of its 
orbit which is turned toward the earth will all be nearer to 
the obsorvor than the corresponding points of the second half, 
which is turned away from tlie earth. Sucli a division into 
two halves produces not a real, but an apparent unequal 
velocity, with which the satellite in its orbit recedes from, 
or approaches, the observer. 1£ the semi-diameter of this 
orbit were so great that light would require several days or 
weeks to traverse it, then the time of the half revolution 
through its more remote side wiU prove to be longer than the 
time in the side turned toward the observer. The sum of 
the two unequal times will always be equal to the true pe- 
riodio time ; for the inequalities caused by the velocity of light 
reciprocally destroy each other. From these relations of du- 
ration, it is possible, according to Savary's ingenious method 
of changing days and parts of days into a standard of length 
(on the assumption that light traverses 14,356 millions of 
geographical miles in twenty-four hours), to arrive at the 
absolute magnitude of a semi-diameter of the earth's orbit , 
and the distance of the central body and its parallax may be 
then deduced from a simple dotonninatioa of tlio angle under 
which the radius appears to the observer.* 

In the same way that the determination of the parallaxes 
instructs us as to the distances of a small npmber of the fixed 
stars, and as to the place which is to be assigned to them in 
the regions of space, so the knowledge of the measure and 
duration of proper motion, that is to say, of the changes which 
take place in the positions of self-luminous stara^, throws some 

* Savary, in the Connaitsance de* Tempi pour 1830, p. 56-69, aud 
p. 163-171 ; and Struve, ibid., o. clxiv. 
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light on two mutually dopendent problems ; namoly, tho mo- 
tion of tho solar system,* and tho position of the center of 
gravity in tho hoaven of the fixed stars. That which can 
only be reduced in so very incomplete a manner to numerical 
relations, must for that very reason be ill calculated to throw 
any clear light on such causal connection. Of the two prob- 
lems just mentioned, the first alono (especially since Argo- 
lander's admirable investigation) admits of being solvod with 
a certain degrco of satisfactory precision ; tho latter has boon 
considered with much acutcncss by Miidler, but, according 
to tho confession of this astronomer himsolf,t his attempted 
solution is, in consequence of the many mutually compensa- 
ting forces which enter into it, devoid " of any thing hke evi- 
dence amounting to a complete and scientifically certain 
proof." 

Afler carefully allowing for all that is due to the preces- 
sion of the equinoxes, the nutation of the earth's axis, the 
aberration of light, and the change of parallax caused by the 
earth's revolution round the sun, the remaining annual mo- 
tion of the fixed stars comprises at once that which is the 
consequence of the translation in space of tlie wJiole sola? 
system^ and that also which is the result of the actual propei 
motion of the fixed stars. In Bradley's masterly labors on 
nutation, contained in his great treatise of the year 1748, wo 
meet with tho first hint of a translation of tho solar system, 
and in a certain sense, also, witli suggestions for tho most 
desirable methods of observing it.l '* ^or if our own solar 
system be conceived to change its place witli respect to ab- 
solute space, this might, in process of time, occasion an ap- 
parent change in tho angular distances of the fixed stars ; 
and in such a case, the places of tho nearest stars being more 
affected than of those that are very remote, their relative 
positions nught seem to alter, though the stars themselves 
were really immovable. And, on the other hand, if our own 
system be at rest, and any of the stars really in motion, this 
might likewise vary their apparent positions, and the more 
so, tho nearer they are to us, or the swiflcr their motions are, 
or the more proper the direction of the motion is, to be ren- 
dered perceptible by us. Since, then, the relative places of 

* Coitnoif vol. ]., p. 146. t Madler, Astronomiet s. 414. 

X Arago, in his Annuaire pour 1842, p. 383, was tho first to call al^ 
tention to this remarkable passage of Bradley*s. Soe, in the same A%> 
nvairCf the section on the translation of tho entire solar system, p. 389- 
399. 
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the stars may bo changed from such a variety of causes, con* 
sidering that amazing distanco at "which it is certain some 
of them are placed, it may require tho observations of many 
ages to determine the laws of the apparent changes even of 
a single star ; much more difficult, therefore, it must be to 
settle the laws relating to all the most remarkable stars." 

After the time of Bradley, the mere possibility, and the 
greater or less probability, of the movement of the solar sys- 
tem, were in turn advanced in the writings of Tobias Mayer, 
Lambert, and Lalande ; but William Herschel had the great 
merit of being the first to verify the conjecture by actual ob- 
servations (1783, 1805, and 1806). He found (what has 
been confirmed, and more precisely determined by many later 
and more accurate inquiries) that our solar system moves to- 
ward a point near to the constellation of Hercules, in R. A. 
260® 44', and N. Decl. 26*^ 16' (reduced to the year 1800). 
Argelander, by a comparison of 319 stars, and with a refer- 
ence to Luudahrs iuvcBtigations, found it for 1800: R.A. 
257° 5d''l, Decl. +28° 49'-2 ; for 1850, II. A. 258° 23'-5, 
Decl. + 28° 45'0. Otto Struvo (from 392 stars) made it to 
be for 1800 : R. A. 261° 26'-9, Decl. +37° 35'-5 ; for 1850, 
261° 52'-6, Decl. 37° 33'0. According to Gauss,* the point 
in question falls within a quadrangle, whose extremes are, 
R. A. 258° 40', and Decl. 30° 40' ; R. A. 258° 42', Decl. 
+30° 57'; R.A. 259° 13', Decl. +31° 9'; R.A. 260° 4', 
Decl. +30° 32'. 

It stiU remained to inquire what the result would be if 
the observations were directed only to those stars of the south- 
em hemisphere which never appear above the horizon in Eu- 
rope. To this inquiry Galloway has devoted his especial 
attention. He has compared the very recent calculations 
(1830) of Johnson at St. Helena, and of Henderson at the 
Capo of Good Hope, with the earlier ones of Lacaille and 
Bradley (1750 and 1757). The resultf for 1790 was R. A. 
260° 0', Decl. 34° 23' ; therefore, for 1800 and 1850, 260° 
5', +34° 22', and 260° 33', +34° 20'. This agreement with 
the results obtained from the northern stars is extremely sat- 
isfactory. 

If, then, the progressive motion of our solar system may 
bo considered as determined within moderate limits, tho 

* In a loiter addressed to me. See Schura., A»tr. Naehn, No. 622, 
fc. 348. 

t Galloway, on the Motion of the Solar Sjfitem, in the Phtlo*. Tranf 
act. for 1847, p. 98. 
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question naturally arises, Is the world of the fixed stars com- 
Dosed merely of a number of neighboring partial systems di* 
/ided into groups, or must we assume the existence of a uni- 
versal relation, a rotation of all self-luminous celestial bodies 
{suTis) around otte common center of gravity which is either 
filled taith matter or void ? We here, however, enter the 
domain of mere conjecture, to which, indeed, it is not im- 
possible to give a scientific form, but which, owing to the 
incompleteness of the materials of observation and analogy 
which are at present before us, can by no moans load to the 
degree of evidence attained by the other parts of astronomy 
The fact that we are ignorant of the proper motion of an in- 
finite number of very small stars from the tenth to the four- 
teenth magnitude, which appear to be scattered among the 
brighter ones, especially in the important part of the starry 
stratum to which we belong, the annuli of the Milky Way, 
is extremely prejudicial to the profound mathematical treat- 
ment of problems so difRcult of solution. The contempla- 
tion of our own planetary sphere, whence we ascend, from 
the small partial systems of the moons of Jupiter, Saturn, 
and Uranus, to the higher and general solar system, has 
naturally led to the belief that the fixed stars might in a 
similar manner be divided into several individual groups, 
and separated by immense intervals of space, which again 
(in a higher relation of these systems one to another) may 
be subject to the overwhelming attractive force of a great 
central body (one solo sun of the whole universe).* The in- 
ference hero advanced, and founded on the analogy of our 
own solar system, is, however, refuted by the facts hitherto 
observed. In the multijile stars, two or more self-luminous 
stars (suns) revolve, not round one another, but round an 
external and distant center of gravity. No doubt something 
similar takes place in our own planetary system, inasmuch 
OS the planets do not properly move round the center of the 
solar body, but around the common center of gravity of all 
the masses in the system. But this common center of grav- 
ity falls, according to the relative positions of the great plan- 
ets Jupiter and Saturn,' sometimes within the circumference 
of the sun's body, but oflencr out of it.f The center of 
gravity, which in the case of the double stars is a void is 

* Tne value or worthlessiiess of such views has been discussed b} 
Argelanderin his essay, **Ueber die eigene Bewegung det 8onnen$ytUmt 
kergdeUet aut der eigenen Bewegttng der Sterne, 1837, s. 39. 

t 6ee Cotmoe, vol. i., p. 145. (MSdler, Attr., p. 400.) 
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aceoidingly, in the solar systom, at one timo void, at another 
occupied by matter. All that has been advanced with re- 
gard to tlie existence of a dark central body in the center 
of gravity of double stars, or at least of one originally dark, 
but fainUy illuminated by the borrowed light of the planets 
which revolve round it, belongs to the ever-enlarging realm 
of mythical hypotheses. 

It is a more important consideration, and one more de- 
serving of thorough investigation, that, on the supposition of 
a revolving movement, not only of the whole of our planet- 
ary system which changes its place, but also for the proper 
motion of the fixed stars at their various distances, the cen- 
ter of this revolving motion must be 90° distant* from the 
point toward which our solar system is moving. In this con- 
nection of ideas, the position of stars possessing a great or 
very &inall 2yroiicr motio7i becomes of considerable moment. 
Argeluador lius exainiued, with his usual caution and acute- 
iioHS, the (logroe of pr()lm])iUty witli wliiuh we may souk for 
a general center of attraction for our starry stratum in tlio 
constellation of Ferseus.f Miidlcr, rejecting the hypothesis 
of the existence of a central body preponderating in mass, 
as the universal center of gravity, seeks the center of grav- 
ity in the Pleiades, in the very center of this group, in or 
neart to the bright star 17 Tauri (Alcyone). The present is 

* Argolandor, ibid., p. 42 ; Madlor, Cenlraiaonne, 8. 9, and Attr., 8. 
403. 

t Argelauder, ibid., p. 43 | and in Schum., Astr. Nachr., No. 566. 
Guidea by no numerical investigations, but following the sugsestions of 
fancy, Kant Ions ago fixed upon Sirius, and Lambert upon the nebula 
in the belt of Onon, as the central body of our starry stratum. (Struve, 
Asir, Stell., p. 17, No. 19.) 

X Madler, Astr., s. 380, 400, 407, and 414 ; in his Centralsonne, 1846, 
p. 44-47 ; in UnUrsuchungcn fiber die Fixsiem-Svateme, th. ii., s. 183- 
1 85. Alcyone is iu tt. A. 64° 30', Decl. 23° 36', ior the year 1840. If 
Alcyone's parallax were really 0"'0065, its distance would bo oqiial to 
31^ million semi-diameters of the earth's orbit, and thus it would be 
iifty times further distant fi-om us than the distance of the double star 
61 Cygni, according to DossoPs earliest calculation. The light which 
comes to the earth from the sun iu 8' 18" '2, would iu that case take 500 
Youi's to piuM from Alcyonu to the earth. The fancy of the Greeks do- 
lighted ilsuU' iu wihl visions of the hoidit of fidls. In Ilesiod's Theo* 
gonia, Y. 722-725, it is said, speaking of the fall of the Titans into Tar 
tarus: ** If a brazen anvil were to fall from heaven nine days and nine 
nights long, it would reach the earth on the tenth." This descent of 
the anvil iu 777,600 seconds of timo gives an equivalent in distance of 
309,424 gcogniphical inilos (nllowanco buing mailo, according to Galle*s 
calculation, fur the considerable diminution in tlie force of attraction at 
planetary distances), therefore H times the distance of the moon from 
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not tho placo to discuss the probability or improbability* of 
Buoh an hypothesis. Praise is, however, due to the eminent* 
ly active director of the Observatory at Dorpat for having, 
by his diligent labors, determined the positions and proper 
motions of more than 800 stars, and at the same time ex- 
cited investigations which, if they do not load to the satis- 
factory solution of the great problem itself, are nevertheless 
calculated to throw light on kindred questions of physical 
astronomy. 



VI. 

MULTIPLB OR DOUBLE STARSw— THEIR NUBiBERS AND RECIPROCAL 
DISTANCES.— PERIOD OF REVOLUTION OF TWO SUNS ROUND A COlft- 
MON CENTER OF GRAVITY. 

When, in contemplating the systems of the fixed stars, wo 
descend from hypothetical, higher, and more general consid- 
erations to those of a special and restricted nature, wo enter 
a domain more clearly determined, and better calculated for 
direct observation. Among the multiple stars, to which be- 
long the binary or double stars, several self-luminous cosmic^ 
al bodies (suns) are connected by mutual attraction, which 
necessarily gives rise to motions in closed curved linos. Be- 
fore actual observation had establishod tho fact of tho revo- 
lution of the double stars,t such movements in closed curves 
woro only known to exist in our own planetary solar svstom. 
On this apparent 'analogy inferences were hastily drawn, 
which for a long time gave rise to many errors. As the 
term ** double stars" was indiscriminately applied to every 

die earth. But, according to tho Iliad, i., v. 592, Hcphrostiis fell down 
to Lomnos in one day^, ** when but a little breath was still in him." 
The lencth of the chain hanging down from Olympus to the earth, by 
which all the gods were challenged to try and pull down Jupiter (iZ- 
iadt viii., v. 18), is not given. The image is not intended to convey an 
idea of the height of neaven, but of Jupiter's strength and omnipo- 
tence. 

* Compare the doubts of Peters, in Schum., Astr, Neuhr.^ 1849, s. 
661, and Sir John Herschel, in the Outl. of Astr,, p. 589 : '' In the pres- 
ent defective state of our knowledge respecting the proper motion of 
the smaller stars, we can not but regard all attempts of the kind as to 
\ certain oxtont premature, though by no moans to be discouraged as 
forerunners of something more decisivo." 

t Compare Cosmotf vol. i., p. 146-149. (Struve, t/cfre** DoppUstemt 
naeh Dorpater Micr^meter-Mettnngen von 1824 hit 1837, s. 11.) 
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pair of stars, tho close proximity of which precluded their 
separation by the naked eye (as in the case of Gaetor, a 
Lyra)| /3 Ononis, and a Oentauri), this designation naturally 
comprised two classes of multiple stars : firstly, those which, 
from their incidental position in reference to the observer, 
appear in close proximity, though in reality widely distant 
and belonging to totally difierent strata ; and, secondly, those 
which, from their actual proximity, are mutually dependent 
upon each other in mutual attraction and reciprocal action, 
and thus constitute a particular, isolated, sidereal system. 
The former have long been called optically, the latter ^%5- 
iccMy, double stars. By reason of their great distance, and 
the slowness of their elliptical motion, many of the latter are 
frequently confounded with the former. As an illustration 
of this fact, Aloor ^a star which had engaged the attention of 
many of the Arabian astronomers, because, when the air is 
very clear, and tho organs of vision peculiarly sharp, this small 
star is visible to the naked eye together with i^ in the tail of 
Ursa Major) forms, in tho fullest sense of the term, one of 
thoso optical combinations, without any closer physical con- 
nection.* In sections II. and III. I have already treated of 
the difficulty of separating by the naked eye adjacent stars, 
with the very unequal intensity of light, of the influence of 
the higher brilliancy and the starts tails, as well as of the 
organic defects which produce indistinct vision. 

Galileo, without making tho double stars an especial ob- 
ject of his telescopic observations (to which his low magni- 
fying powers would havo proved a serious obstacle), men- 
tions (in a famous passage of the Giornata terza of his Dis- 
courses, which has already been pointed out by Arago) the 
use which astronomers might make of optically double stars 
(quando si trovasse nel tblescopio qualche picciolissima stella 
vicinissima ad alcuna delle maggiori) for determining the 
parallax of tlic fixed stars,^ As lato as the middle of the 
last century, scarcely twenty double stars were set down in 
the stellar catalogues, if we exclude all those at a greater 

* Vide supra. As a remarkable instance of acuteness of vision, wo 
may further mention that MSstlin, Kepler's teacher, discovered with the 
naked eye fourteen, and some of the ancients nine, of the stars in the 
Pleiades. (Madler, UtUertuch. Hber die Fixstem-S^tteme, th. ii., s. 36.) 

t Vide tupra. Dr. Gregory, of Edinburgh, also, m 1675 (consequent- 
ly thirty-three years after Galileo's decease), recommended the same 
parallactic method. See Thomas Birch, Hist, of the Royal Soe,, vol. 
lii., 1757, p. S25. Dradloy (1748) alludes to this mothod at the conclu- 
sion of liis celebrated treatise on Nutation. 
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distance from each other than 32" ; at present, a hundred 
veais later (thanks chiefly to the great lahors of Sir Will* 
lam Herschel, Sir John Herschel, and Struve), about 6000 
have been discovered in the two hemispheres. To the ear- 
liest described double stars* belong ^ Ursib maj. (7th Sep- 
tember, 1700, by Gottfried Kirch), o Centauri (1709, by Feu- 
ill6e), y Virginis (1718), o Geminorum (1719), 61 Cygni 
(1763) (which, with the two preceding, was observed by 
Bradley, both in relation to distance and angle of direction), 
p Ophiuchi and ^ Gancri. The number of the double stars 
recorded has gradually increased from the time of Flamstead, 
who employed a micrometer, down to the star-catalogue of 
Tobias Mayer, which appeared in 1756. Two acutely spec- 
ulative thinkers, endowed with great powers of combination, 
Lambert {Pkotomctriat 1760 ; Kosmologische Briefe ilber 
die Einrichtung des Wdtbatces, 1761.) and John Michell 
1767, though they did not themselves observe double stars, 
were the first to diffuse correct views upon the relations of 
their attraction in partial binary systems, Lambert, like 
Kepler, hazarded the conjecture that the remote suns (fixed 
stars) are, like our own sun, surrounded with dark bodies, 
planets, and comets ; but of the fixed stars proximate to each 
other,t he believed, however much, on the other hand, he 
may appear inclined to admit the existence of dark central 
bodies, '* that within a not very long period they completed a 
revolution round their common center of gravity." Michell,| 
who was not acquainted with the ideas of Kant and Lam- 
bert, was the first who applied the calculus of probabilities 
to small groups of stars, which he did with great ingenuity, 
especially to multiple stars, both binary and quaternary. He 
showed that it was 600,000 chances to 1 that the colloca- 
tion of the six principal stars in the Pleiades did not result 
from accident, but that, on the contrary, they owed their 
grouping to some internal and reciprocal relation. He was 
so thoroughly convinced of the existence of luminous stars 
revolving round each other, that he ingeniously proposed to 
employ these partial star-systems to the solution of certain 
astronomical problems, t 

* Madler, Js^r., s. 477. \ Arogo, in the Annnairepour 1842, p. 400. 

i An Inquiry into the probable imrallax and mngnitude of the fixed 
Ktnm, from the qnaiitity of light wliich thoy afford un, and the imrticn- 
lar circuuistaiices of their situation, by the Uev. John Michell ; in the 
Phiio», Transact t ^ol. Ivii., p. 234-261. 

$ John Michell, ibid., p. 238. ** If it ahould hereafter be found that 
any of the stars have others revolving about them (for no satellites bv 
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Ohiifltiaii Mayer, the Manheim astronomer, has the great 
merit of having first (1778) made the fixed stars a special 
object of research, by the sure method of actual observations. 
The unfortunate choice of the term satellites of the fixed 
stars, and the relations which he supposed to exist among 
the stars between 2° 30' and 2° 66* distant from Arcturus, 
exposed him to bitter attacks from his cotemporaries, and 
among these to the censure of the eminent mathematician, 
Nicolaus Fuss. That dark planetary bodies should become 
visible by reflected light, at such an immense distance, was 
certainly improbable. No value was set upon the results of 
his carefuUy-conductcd observations, because his theory of 
the phenomena was rejected ; and yet Christian Mayer, in 
his rejoinder to the attack of Father Maximilian Hell, Di- 
rector of the Imperial Observatory at Vienna, expressly as- 
serts ** that tlio smaller stars, which are so near the larger, 
are cither iilumiuuted, naturally dark planets, or that both 
of these cosmical bodies — the principal star and its compan- 
ion — are self-luminous suns revolving roimd each other." 

a borrowed light could potdbly he vinble)t we should then have the 
^ means of discovering " Throughout the whole discussion he de- 
nies that one of the two revolving stars can be a dark planet shining 
with a reflected light, because both of them, notwithstanding their dis- 
tance, are visible to us. Oallins the larger of the two the '* central 
star," he compares the density of both with the density of our sun, and 
merely uses the word ** satellite" relatively to the idea of revolution or 
of reciprocal motion ; he speaks of the ** greatest apparent elongation 
of those stars that revolve auout others as satellites." He further says, 
at p. 243 and 249 : ** We may conclude with the highest probability 
(the odds against the contrary opinion being many million millions to 
one) that stars form a kind of system by mutual gravitation. It is high- 
ly probable in particular, and next to a certainty in general, that such 
double stars as appear to consist of two or more stars placed near to- 
gether aro under tho influonce of some general law, such, pcrlmps, ns 

gravity " (Consult also Arago, in the Annuairc pour 1834, p. 308, 

and Ann. 1812, n. 400.) No grout rolianco can be plucud on tliu iudi- 
vidiiut niuuuricat rusiilts of Uiu calciihis of pnibabililiuH givun by Michell, 
m tho hyiM>thusuH that thoro uro 230 slurs ii* thu licavoiis which, in in- 
tensity ot light, are equal to p Oapricorni, kid 1500 equal to tho six 
greater stars of tho IMeiudus, are manifestly incorrect. The ingenious 
cosmological treatise of John Michell ends with a very bold attempt to 
explain the scintillation of the fixed stars by a kind of ** pulsation in 
material efBuxes of light" — an elucidation not more happy than that 
which Simon Marius, one of the discoverers of Jupiter's satellites (see 
CosmoSf vol. ii., p. 320^ has given at the end of his Mundus Jovialis 
(1614). But Michell nas the merit of having called attention to Uio 
(act (p. 263) that the scintillation of stars is always accompanied by a 
change of color. '* Besides their brightness, there is in the sciutillaUon 
of the fixed stars a change of color." ( Vide supra.) 
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The importance of Christian Mayer's lahors has, long after 
his death, been thankfully and publicly acknowledged by 
Struve and Madler. In his two treatises, Vertheidigung 
neuer JBeobachtungen van Fixstem-trabanten (1778), and 
Dissertatio de novis in Casio sidereo JPhcenomenis (1779), 
eighty double stars are described as observed by him, of 
which sixty-seven are loss than 32'' distant from each other. 
Most of those wore first discovered by Ohristian Mayor him- 
self, by meaiis of the excellent oight-foct toloscojH) of the Man 
hoim Mural Cluadrant ; " many even now constitute very 
difficult objects of observation, which none but very power- 
ful instruments are capable of representing, such as p and 
71 Herculis, e 5 Lyne, and (o Piscmm." Mayer, it is true 
(as was the practice long after his time), only measured dis- 
tances in right ascension and declination by meridian instru- 
mcnts, and pointed out, from his own observations, as well as 
from those of earlier astronomers, changes of position ; but 
from the numerical value of these, ho omitted to deduct what 
(in particular cases) was due to the proper motion of the stars.* 
These feeble but praiseworthy beginnings were followed 
by Sir William Herschers colossal work on l£e multiple stars, 
which comprises a period of more than twenty-five years ; 
for although Herschers first catalogue of double stars was 
published four years after Christian Mayer's troatise on the 
samo subject, yet the observations of the former go back as 
far as 1779 — ^indeed, evon to 1776, if wo tako into consider- 
ation the investigations on the trapezium in the great nebula 
of Orion. Almost all wo at present know of the manifold 
formation of tlic double stars has its origin in Sir William 
Ilorscliers work. In the catalogues of 1782, 1783, and 
1804, lio has not only sot down and determined the position 
and distance of 8dG double stars,t for the most part first dis- 
covered by himself, but, what is far moro important than any 
augmentation of number, ho applied his sagacity and powor 
of observation to all those points which havo any bearing on 
their orbits, their conjectured periodic times, their brightness, 
contrasts of colors, and classification according to the amount 

* Stravo, in the Reeueil det Acies de la Sianee publiqne de VAead. 
Imp, det Sciences de 8i. Pitertbourg, le 29 Die., 1832, p. 48-50. Mid- 
ler, Astr., 8. 478. 

t Philoe. TratiMftct, for the Year 1782, p. 40-12G; for 1783, p. 112- 
124; for 1804, p. 87. Regarding the observations on wliich Sir Will- 
iam Herechel founded his views respecting the 84G double stars, lee 
Madler, in Schnmacher* Bjahrbvchfhr 1830, s. 59, and his Uniertuehun^ 
jreii fiber die FixttemSyHeme^ tli. i., 1847. s. 7. 
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of their mutual distances. Full of imagination, yet always 
proceeding with great caution, it was not till thp year 1794, 
while distinguishing between optically and physically double 
stars, that he threw out his prehminary suggestions as to the 
nature of the relation of the larger star to its smaller com- 
panion. Nine years afterward, he first explained his views 
of the whole system of these phenomena, in the Q3d volume 
of the Philosophical Trdnsactions, The idea of partial 
star-systems, in which several sims revolve round a common 
center of gravity, was then firmly established. The stupen- 
dous influence of attractive forces, which in our solar system 
extends to Neptune, a distance 30 times that of the earth 
(or 2488 miUions of geographical miles), and which com- 
pelled the great comet of 1680 to return in its orbit, at the 
distance of 28 of Neptune's semi-diameters (853 mean dis- 
tances of the earth, or 70,800 millions of geographical miles), 
is also manifested in the motion of the double star 61 Gygni, 
which, with a parallax of 0"'3744, is distant from the sun 
18,240 semi-diamctcrs of Neptune's orbit (i, &., 550,900 
earth's mean distances, or 45,576,000 millions of geograph- 
ical miles). But although Sir William Herschel so clearly 
discerned the causes aQd general connection of the phenome- 
na, still, in the first few years of the nineteenth century, the 
angles of position derived from his own observations, owing 
to a want of due care in the use of the earlier catalogues, 
were confined to epochs too near together to admit of perfect 
certainty in determining the several numerical relations of 
the periodic times, or the elements of their orbits. Sir John 
Herschel himself alludes to the doubts regarding the accu* 
racy of the assigned periods of revolution of a Geminorum 
(334 years instead of 520, according to Madler),* of y Yir- 
ginis (708 instead of 169), and of y Leonis (1424 of Struve's 
great catalogue), a splendid golden and redaish-green double 
star (1200 years). 

After William Herschel, the elder Struve (from 1813 to 
1842) and Sir John Herschel (from 1819 to 1838), availing 
tliemselves of the groat improvumonts in astronomical in- 
struments, and especially in micrometrical applications, have, 
with praiseworthy diligence, laid the proper and special foun- 

* Madler, ibid., th. i., b. 255. For Castor we have two old obaenra- 
tlons of Bradley, 1719 and 1759 (the former taken in conjunction with 
Pond, the latter with Maflkelyne), and two of the elder Herschel, taken 
in the years 1779 and 1803. For the |)eriod of revolution of y Virginii, 
■ee Mfidler, Fixsfem-Syat th. ii.. s. 03 t^lO, 1848. 
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dation of this important branch of astronomy. In 1820, 
Strave published his first Dorpat Table of douple stars, 796 
in number. This was followed in 1824 by a second, con* 
taining 3112 double stars, down to the ninth magnitude, in 
distances under 32", of which only about one sixth had been 
before observed. To accomplish this work, nearly 120,000 
fixed stars woro examined by means of tho great Fraun« 
hofor refractor. Struvo*s tliird table of multiple stars ap- 
peared in the year 1837, and forms the important work Stel' 
larutn compositamm Mensura Micrometrica,^ It contains 
2787 double stars, several imperfectly observed objects being 
carefully excluded. 

Sir John Herschers unwearied diligence, during his four 
years' residence in Feldhausen, at the Gape of Good Hope, 
which, by contributing to an accurate topographical knowl- 
edge of the southern hemisphere, constitutes an epoch in 
astronomy,! has been the means of enriching this numbei 
by the addition of more than 2100 double stars (which, with 
few exceptions, had never before been observed). All these 
African observations were taken by a twenty-feet reflecting 
telescope ; they were reduced for the year 1830, and are 
included in the six catalogues which contain 3346 double 
stars, and were transmitted by Sir John Herschel to the As- 
tronomical Society for the sixth and ninth parts of their val- 
uable Memoirs.t In these European catalogues are laid 
down tho 380 double stars which tho above celebrated as- 
tronomer had observed in 1825, conjointly with Sir James 
South. 

Wc trace in this historical sketch the gradual advance 
made by the science of astronomy toward a thorough knowl- 
edge o£ partial, and especially oi binary syUemi. The num- 
ber of double stars (those both optically aiid physically double) 
may at present be estimated with some certainty at about 
6000, if we include in our calculation those observed by Bes- 
sel with the excellent Fraunhofer heliometer, by Argelan- 
deri at Abo (1827-1835), by Encke and Galle at Berlin 

* Stnive, Menturtt Mierom., p. 40 and 234-248. On the whole, 
8641-{-146, t. e., 2787 double stars have been observed. (MadLer, iu 
Schum., Jahrb.y 1839, s. 64.) 

t Sir John Herschel, Attron, Obierv. at the Cape of Oood Hope, p. 
165-303. I IfAd., p. 167 and 242. 

$ Argelandor, in order oarofully to investigate their prooer motion, 
examined a great nnmbor of fixed stars. See his essay, entitled **DLX, 
Siellarum fixarum pmiiionei media!, ineunf^ anno 1830, ex oheerv, Ahom 
habUii {mUingforiif, 1825).*' MHillor (A$ir„ •. 625) ostimatos the 
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fl83G and 1830), by PreuBS and Otto Struve in Pulkowa 
(sinco tho oataloguo of 1837), bv Madlor in Dorpat, and by 
Mitobell in Cincinnati (Ohio), with a Bovcntcen-feot Munich 
refractor. How many of these 6000 stars, which appear to 
tho naked eye as if close together, may stand in an immc' 
diaie rckuion of attraction to each otlior, forming systems of 
their own, and revolving in closed orbits— or, in other words, 
how many are so-called physical {revolving) double stars- 
is an important problem, and difficult of solution. More re- 
volving companions are gradually but constantly being dis- 
covered Extreme slowness of motion, or the direction of the 
plane of the orbit as presented to the eye, being such as to 
render the position of the revolving star unfavorable for ob- 
servation, may long cause us to class physically double stars 
among those which are only optically so ; that is, stars of 
which tho proximity is merely apparent. But a distinctly- 
ascertained appreciable motion is not the only criterion. The 
perfectly uniform motion in the realms of space {i. e., a com- 
mon progressive movement, like that of our solar system, in- 
cluding the earth and moon, Jupiter, Saturn, Uranus, and 
Neptune, with their satellites), which in the case of a con- 
siderable number of multiple stars has been proved by Arge- 
lander and Bessel, bears evidence that tho principal stars 
and their companions stand in undoubted relation to each 
other in separate partial systems. Madlor has made the in- 
teresting remark, that whereas, previous to 1836, among 
2640 double stars that had been catalogued, there were only 
58 in which a difference of position had been observed loith 
certainty t and 105 in which it might be regarded as more 
or less probable ; at present, the proportion of physically 
double stars to optically double stars has changed so greatly 
in favor of the former, that among the 6000 double stars, 
according to a table published in 1849, 650 are known in 
which a change of relative position can be incontestably 
proved.^ Tho earliest comparison gave one sixteenth, the 

number of multiple stars in the northern hemisphere, discovered at 
Pulkowa since 1837, at not less than 600. 

* The number of fixed stars in which proper tiudion has been un- 
doubtedly discovered (though it may be conjectured in the case of all) 
is slightly greater than the number of double stars in which change of 
poiilion has been observed. (Madler, Aitr.f s. 394, 490, and 530-540.) 
Results obtained by the application of the Calculus of Probabilities, ac- 
eoiding os tho several reciprocal distances of tho double stars are be- 
tween 0" and 1", 2" and 8'^ or 16" and 32", are given by Struve, in his 
Uem* Aficivm,, p. xciv. D:sti:nccs loss than 0^*8 have been taken, and 
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most recent gives one nintli, as the proportion of the cosmie* 
al bodies which, by an observed motion both of the primary 
star and the companion, are manifestly proved to be phys* 
ically double stars. 

Very little has as yet been numerically determined re 
garding the relative distribution of the binary star-systems 
throughout space, not only in the celestial regions, but even 
on the apparent vault of heaven. In the northern hemi- 
sphere, the double stars most frequently occur in the direc- 
tion of certain constellations (Andromeda, Bootes, the Great 
Bear, the Lynx, and OrionV For the southern hemisphere 
Sir John Herschel has obtained the unexpected result, " that 
in the extra-tropical regions of this hemisphere the number 
of multiple stars is far smaller than that m the correspond- 
ing portion of the northern." And yet these beautiful south- 
cm regions have been explored, under the most favorable 
circumstances, by one of the most experienced of observers, 
with a brilliant twenty-feet rcliccting telescope, which sep- 
arated stars of the eighth magnitude at distances even of 
three quarters of a second.* 

The frequent occurrence of contrasted colors constitutes an 
extremely remarkable peculiarity of multiple stars. StruVe, 
in his great workf published in 1837, gave the following re 
suits with regard to the colors presented by six hundred of 
the brighter double stars^ In 375 of these, the color of both 
principal star and companion was tlie same and equally in- 
tense. In 101, a mere difTerence of intensity could be dis- 
cerned. The stars with perfectly difTercnt colors were 120 
in number, or one fifth of the whole ; and in the remaining 
four fifths the principal and companion stars were uniform in 
color. In nearly one half of these six hundred, the princi- 
pal star and its compamon were white. Among those of 
difTercnt colors, combinations of yellow with blue (as in t 
Cancri), and of orange with green (as in the ternary star y 
Andromed8D),t are of frequent occurrence. 

Arngo was the first to call attention to the fact that the 
diversity of color in tlie binary systems principally, or at least, 
in very many cases, has reference to the complementary col- 

cxporinionlfl with very complicntixl syiitomfl hnvo connrinoil the antitiiv 
omor in tho lini>o tliat tliuno ostiinntos nro itHmily correct witliiu (K'*! 
(Stmve, HJfer Doppelsteme naeh Dorpater Bcoh.t 8. 29.) 

* Sir John Hemchcl, Observaihnt eU ihs Cape, p. 1G6. 

f Stnivo, Blcntune Microm., p. Ixxvii. to Ixxxiv. 

i Sir Joliu Ilorschol, OullincM of Ailr., p. 579. 
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on — ^the Bubjective colors, which, when united, form white.* 
It is a well known optical phenomenon that a faint white 
light appears green when a strong red light is brought near 
it, and that a white light becomes blue when the stronger 
surrounding light is yellowish. Arago, however, with his 
usual caution, has reminded us of the fact that even though 
the green or blue tint of the companion star is sometimes the 
result of contrast, still, on the whole, it is impossible to deny 
the actual existence of green or blue stars.f There are in- 

* Two glasses, which exhibit complementary colors when placed one 
npon the other, are used to exhibit while images of the sun. During 
my long residence at the Observatory at Paris, my friend very success- 
fully availed himself of this contrivance, instead of using shade glasses 
to observe the sun's disk. The colora to be chosen are red and green, 
yellow and blue, or green and violet. ** Lorsqu'une lumi^re forte ae 
trouvo aunr6s d'une lumidro fuiblo, la demi6re preud la teinte compl6- 
moutairo do la premiere. O'est M lo coniraiU; mais comme lo rouge 
n'est pru«<]uo jamais imr, ou pout tout aussi bion dire quo lo rouse est 
compUmeulaire du blou. Los coulours voisiaos du spectre soluire so 
substitueut." ''Wliou a strung light is brought into contact with a 
feeble one, the latter assumes tiie complementary color of the former. 
This is the effect of contra$t; but as red is scarcely ever pure, it may 
OS correctly be said that red is the complementary of blue : the colors 
nearest to the solar spectrum reciprocally change." (Arago, MS. of 
1847.) 

t Araso, in the ConnaUance dee Tempi pour Van 1 828, p. 299-300 ; 
and in Uie Annuaire pour 1834, p. 24G-250; pour 1842, p. 347-350: 
" Los exceptions que je cite, prouvent que j'avais bien raison en 1825 
de n'introduire la notion physique du conlratle dans la question des 6toi- 
les doubles qu'avec la plus graude r6serve. Le bleu est la couleur r^- 
elle de cortaiuos ^toiles. II r^sulte dos observations recueillies juaqu'ici 
que le firmament est non seuloment pursom6 do soloils rougee Qijaunett 
comme le sayaient les anciens, ma isencore de soloils hleue et verla, 
O'est au tems et k des observations futures k nous apprendre si les 6toi- 
les vertes et bleues ne sent pas des soleils d^j4 en voie de d^croissance ; 
si les difTdrentes nuances de ces astres n'indiquent pas one la combustion 
s'y op6re k dilTiSrons degr^ ; si la teinte, avec oxcds ue rayons les plus 
r^frausiblos, quo pr^sonto souvcut la petite 6toilo, ne tiondrait jxis k la 
force absorbunto d'une atmosphere que ddvelopporait Taction de I'dtoile, 
ordinairemont beaucoup plus brillanto, qu'ello accompagne.*' '*Tho 
exceptions I have named proved tliat in 1825 I was quite right in the 
cautious reservations with which I introduced the physical notion of 
conlraal in connection with double stars. Blue is the real color of cer 
tain stars. The result of the observations hitherto made proves that 
the firmament is studded not only with red and yellow suns (as was 
known Ions ago to the ancients), but also with blue and green suns. 
Timo and future observations must determine whether red and blue 
stars are not suns, the brightness of which is already on the wane; 
whether the varied appearances of these orbs do not indicate the de* 
gree of combustion at work within them ; whether the color and the 
excess of the most refrangible rays often presented by the smaller of 
two stars be not owing to the absorbing force of at* atmosphere devel 
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ftances in which a hrilliant white star (1527 Leonis, 1768 
■ Can. von.) is accompanied by a small blue star ; ^others, where 
in a double star (d Serp.) both the principal and its companion 
are blue.* In order to determine whether the contrast of 
colors is merely subjective, he proposes (when the distance 
allows) to cover the principal star in the telescope by a thread 
or diaphragm. Gommoidy it is only the smaller star that 
is blue : this, however, is not the case in the double star 23 
Ononis (696 in Struve*s Catalogue, p. Ixxx.), where the prin- 
cipal star is bluish, and the companion pure white. If, in 
the multiple stars, the differently colored suns are frequently 
surrounded by planets invisible to us, the latter, being differ- 
ently illuminated, must have their white, blue, red, and green 
days.t 

As the periodical variahilityt of the stars is, as we have 
already pointed out, by no means necessarily connected with 
their rod or reddish color, so also coloring in general, or a 
contrasting difference of tho tones of color between the prin- 
cipal star and its companion, is far from being peculiar to 
the trndtiple stars. Circumstances which we find to be fre- 
quent are not, on that account, necessary conditions of the 
phenomena, whether relating to a periodical change of light, 
or to the revolution in partial systems round a common cen- 
ter of gravity. A careful examination of the bright double 
stars (and color can be determined even in those of the ninth 
magnitude) teaches that, besides white, all the colors of the 
solar spectrum are to be found in the double stars, but that 
the prmcipal star, whenever it is not white, approximates in 
general to the red extreme (that of the least refrangible rays), 
but the companion to the violet extreme (the limit of the 
most refrangible rays). The reddish stars are twice as fire- 
quent as the blue and bluish ; the white are about 2^ times 
as numerous as the red and reddish. It is moroovcr remark- 
able that a great diffierence of color is usually associated with 

oped by the oction of the accompanying star, which is generally much 
the more brilliant of the two." (Arago, in the Annuairepour 1834, p. 
295-301.) 

* Strove, Ueber Doppditeme nach DorpaUr Beohaektungm, 1837, s. 
33-36, and Mentune Mierom,, p. Ixxziii., enumerates sixty-throe doable 
•tars in which both the principal and companion are blue or bluish, and 
in which, therefore, the colcvs can not be the effect of contrast ^Vhen 
we are forced to compare tog^ether the colors of double stars, as report- 
ed by several astronomers, it is particularly strikinff to observo how fre- 
quently the companion of a red or orango-coloreu star is reported by 
some observers as blue, and by others as green. 

t Arago, Annuaire pour 1834, p. 302. t Vide iupra, p. 130-136. 
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a corrosponding dliTeronce in brightness. In two cases— >iA 
( Bootis and y Leonis — ^which, from their great brightness, 
oan easily be measured by powerful telescopes, even in the 
daytime, the former consists of two white stars of the third 
and fourth magnitudes, and the latter of a principal star of 
the second, and of a companion of the 3*5th magnitude. 
This is usually called the brightest double star of the north- 
em hemisphere, whereas a Gentauri^ and a Crucis, in the 
southern hemisphere, surpass all the other double stars in 
brilliancy. As in ^ Bootis, so also in a Centaun and y Leonis, 
we observe the rare combination of two great stars with only 
a slightly different intensity of light. 

No unanimity of opinion yet prevails respecting the vari- 
able brightness in multiple stars, and especially in that of 
companions. We have aireadyf several times made mention 
of the somewhat irregular vanability of luster in the orange- 
oolorcd prinoipiil star in a Iloroulis. Moreover, the iiuclua- 
tion in the bnghliioss of the nearly equal yellowiHh slars (of 
the third magnitude) constituting the double star y Yirginis 
and Anon. 2718, observed by Struvo (1831-1833), probably 
indicates a very slow rotation of both suns upon their axes.} 
Whether any actual change of color has ever taken place 
in double stars (as, for instance, in y Leonis and y Delphini) ; 
whether their white light becomes colored, and, on the other 
hand, whether the colored light of the isolated Sirius has be- 
come white, still remain undecided questions.} Where the 
disputed diflercnces refer only to faint tones of color, we should 
take into consideration the power of vision of the observer, 
and, if refractors have not been employed, the frequently red- 
dening influence of the metallic speculum. 

Among the multiple systems we may cite as ternaries, ^ 
LibrsD, ^ Gancri, 12 Lyncis, 11 Monoc. ; as quaternaries, 
102 and 2681 of Struve*s Catalogue, a AndromedsB, e LyrsB : 
in Orionis, the famous trapezium of the greater nebula of 

* ** This suporb doublo star (a Cent.) is boyond oil comparison the 
most striking objuot of tlio kind iu tlio hoavons, and consists of two in- 
dividuals, botli of a high ruddy or omn('o color, though tliut of the 
smaller is of a somewhat more somber and brownish cast." (Sir John 
Herschel, Obaervationt at the Cape of Qood Hope, p. 300.) And, ac- 
cording to the important observations taken by Oaptoin Jacob, of the 
Bombay Engineers, between the years 184G and 1848, the principal sta** 
is estimated of the first magnituae, and the satellite from the 2*5th to 
the thii*d magnitude. ( Tramact, of ihi Royal Soe. ofEdinb., vol. xv^ 
1849, p. 451.) 

t vile Bupra, p. 165, 1G6, and note. 

X Struve, Uebcr Doppelst, nach Dorp Beob., s. 33. $ Ihid.^B, 36 
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Orion, we havo a combination of eix-^probably a Bystem sub- 
ject to peculiar physical attraction, since the five smaller 
stars (6'3m. ; 7m. ; 8m. ; 1 l'3m. ; and 12m.) follow the prop- 
er motion of the principal star, 4'7m. No change in their 
relative positions has yet been observed.* In the tornaiy 
combinations of ^ LibrsD and ^ Oancri, the periodical move- 
ment of the two companions has boon recognized with great 
certainty. The latter system consists of throe stars of the 
third magnitude, difTcring very little in brightness, and the 
nearer companion appears to have a motion ten times more 
rapid than the remoter one. 

Tho number of the double stars, the elements of whose 
orbits it has been found possible to determine, is at present 
stated at from fourteen to sixteen.f Of these, ^ Heroulis 
has twice completed its orbit since the epoch of its first dis- 
covery, and during this period has twice (1802 and 1831) 
presented the phenomenon of the apparent occultation of one 
fixed star by another. For the earliest measurements of 
the orbits of double stars, we are indebted to the industry of 
Savary (^ Ursss Maj.), Encke (70 Ophiuchi), and Sir John 
Herschel. These have been subsequently followed by Bes- 
sel, Struve, Madler, Hind, Smyth, and attain Jacob. Sa- 
vary's and Encke's methods require four complete observa- 
tions, taken at sufificicnt intervals from each other. The 
shortest periods of revolution are thirty, fortv-two, fifty-eight, 
and seventy-seven years ; consequently, mtennediato be- 
tween the periods of Saturn and Uranus ; the longest that 
have been determined with any degree of certainty exceed 
five hundred years, that is to say, are nearly equal to three 
times the period of Le Verrier's Neptune. The eccentricity 
of the elliptical orbits of the double stars, according to the 
investigations hitherto made, is extremely considerable, re- 
sembling that of comets, increasing from 0*62 ((7 Coronro) up 
to 0'9t!» (a Ccntauri). The least eccentric interior comet — 
that of Faye — ^has an eccentricity of 0'56, or less than that 
of the orbits of the two double stars just mentioned. Ac- 
cording to Madler*s and Hind's calculations, tj Goroneo and 
Castor exhibit much less eccentricity, which in the former is 
0'29, and in the latter 0*22 or 0'24. In these double stars the 
two suns describe ellipses which come very near to those of 

* M5dlor, Attr., b. 517. Sir John Ilonchol, OiUl., p. 568. 

t Oompare Mfidler, Untcrtuch. Hber die Fixtiem'SyHeme^ Ui. I., s. 
225-275 ; th. ii., 8. 235-240 ; and hia Attr,, s. 541 Sir John Herschel, 
Outl.^ p. 573. 
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two of the Biuallor principal planets in our tolar system, the 
occentrioity of the orbit of Pallas being 24, and that of 
Juno, Q'26. 

If, with Encke, we consider one of the two stars in a bi- 
nary system, the brighter, to be at rest, and on this supposi- 
tion refer to it the motion of the companion, then it follows 
from the observations hitherto made that the companion de 
scribes round the principal star a conic section, of which the 
latter is the focus ; namely, an ellipse in which the radius 
vector of the revolving cosmical body passes over equal su- 
perficial areas in equal times. Accurate measurements of 
the angles of position and of distances, adapted to the determ- 
ination of orbits, have already showil, in a considerable num- 
ber of double stars, that the companion revolves roimd the 
pnncipal star considered as stationary, impelled by the same 
gravitating forces which prevail in our own solar system. 
This firm conviction, which has only1i)een thoroughly attain- 
ed within the last quarter of a century, marks a groat epoch 
in the history of the development of nigher cosmical knowl- 
edge. Cosmical bodies, to which long use has still preserved 
the name o( fixed stars, although they are neither riveted 
to the vault of heaven nor motionless, have been observed 
to occult each other. The knowledge of the existence of 
partial systems of independent motion tends the more to en- 
large our view, by showing that these movements are them- 
selves subordinate to more general movements animating tht 
regions of space. 
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Elimints or thi Orbits or Doublk Stub. 



Htm*. 


8«ni-Mitfor 


XeecBtrkity. 


Period or 

RerolvtiM 

injmn. 


Calevhtor. 


(1) f UrsBBMaj.... 


3"-857 


0-4164 


68-262 


Savary, 1830. 




3"-278 
2''-206 


0-3777 
04037 


60 720 
61-300 


John Henohel. 
Tables of 1849. 
M&dler, 1847. 


(2) pOphiochi.... 


4''-328 


0-43Q0 


73 862 


Encke, 1832. 


(3) CHercnlis 


l"-208 


0-4320 


30 22 


Midler, 1847 


(4) Castor 


8"a86 
6"-602 


07682 
02194 


262-66 
619-77 


John Herschel. 
Tables of 1849. 
M&dler, 1847. 




6"-300 


02406 


632-27 


Hind, 1849. 


(6) yYirginis 


8"-680 
3"-863 


0-8796 
08806 


18212 
169-44 


John Herschel. 
Tables of 1849. 
M&dler, 1847. 


(S « Ce&taari 


16"-500 


0-9600 


77 00 


Captain Jacob, 
1848. 
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